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PREFACE 


This  is  the  22nd  annual  report  of  the  Toxic  Hazards  Research 
Unit  (THRU)  and  concerns  work  performed  by  the  Department  of 
Community  and  Environmental  Medicine  of  the  University  of 
California,  Irvine  on  behalf  of  the  Air  Force  under  Contract 
Number  F33615-80-C-05 1 2 .  This  document  constitutes  the  fifth 
report  under  the  current  contract  and  describes  the  accomplish¬ 
ments  of  the  THRU  from  June  1984  through  June  1935. 

The  current  contract  for  operation  of  the  Laboratory  was 
initiated  in  1980  under  Project  6302,  "Occupational  and  Environ¬ 
mental  Toxic  Hazards  in  Air  Force  Operations,"  Task  01,  "Toxi¬ 
cology  of  Aerospace  Chemicals  and  Materials,"  Work  Unit  Number 
63020115.  M.  K.  Pinkerton  served  as  the  technical  contract  mon¬ 
itor  for  the  Air  Force  Aerospace  Medical  Research  Laboratory. 

This  is  a  co-sponsored  U.  S.  Air  Force/U.  S.  Navy  research 
effort.  That  portion  of  the  work  effort  sponsored  by  the  U.  S. 
Navy  was  under  the  direction  of  Captain  David  E.  Uddin,  MSC,  USN, 
and  identified  as  Navy  Task  Area  Number  MF58524001  "Chemical 
Hazards/ Exposure  Limits." 

J.  D.  MacEwen,  Ph.D.,  served  as  Laboratory  Director  for  the 
THRU  of  the  University  of  California,  Irvine  and  as  co-principal 
investigator  with  T.  T.  Crocker,  M.D.,  Professor,  Department  of 
Community  and  Environmental  Medicine.  Acknowledgement  is  made  to 
C.  L.  Gaworski,  C.  C.  Haun,  J.  R.  Horton,  C.  E.  Johnson,  E.  R. 
Kinkead,  P.  E.  Newton,  Ph.D.,  A.  K.  Roychowdhury ,  Ph.D.,  R.  K. 
Blasingame,  and  J.  L.  Monroe  for  their  significant  contributions 
and  assistance  in  the  preparation  of  this  report.  Partial  sup¬ 
port  for  this  program  was  provided  by  the  U.  S.  Naval  Medical 
Research  Institute,  Toxicology  Detachment,  Wright -Patterson  Air 
Force  Base,  Ohio,  and  the  United  States  Army. 
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SECTION  I 


INTRODUCTION 


The  research  activity  of  the  Toxic  Hazards  Research  Unit 
(THRU)  is  a  continuing  program  independent  of  contract  years, 
with  several  studies  in  progress  at  the  beginning  and  end  of  each 
report  period.  Experiments  that  were  initiated  and  completed 
during  the  past  year  and  were  of  sufficient  magnitude  to  merit 
separate  technical  reports  may  only  be  summarized  in  this  docu¬ 
ment.  Unpublished  letter  reports  are  given  in  detail  herein. 

This  year's  research  program  was  conducted  on  gas  simulants, 
binary  compounds,  and  a  variety  of  chemical  mixtures  used  as 
hydraulic  fluids.  The  results  or  current  status  of  these  studies 
will  be  discussed  in  the  body  of  this  report.  Acute  oral  and 
dermal  toxicity  studies  on  a  variety  of  materials  were  also  con¬ 
ducted.  Pathology  reports  were  received  for  several  outstanding 
studies  and  final  reports  he.v  3  been  prepared  and  are  either  pub¬ 
lished  as  AFAMRL  Technical  Reports  or  are  in  process. 

This  document  constitutes  the  22nd  annual  report  of  the 
Toxic  Hazards  Research  Unit,  a  research  team  which  operates  a 
dedicated  inhalation  toxicology  laboratory  to  investigate  poten¬ 
tially  hazardous  chemicals  and  materials  of  interest  to  the  U.  S. 
Air  Force,  U.  S.  Navy,  and  other  governmental  agencies.  The  THRU 
research  team  is  an  interdisciplinary  group  of  University  of 
California,  Irvine,  toxicologists,  chemists,  statisticians,  and 
engineers.  Support  services  in  pathology,  veterinary  medicine, 
and  medical  technology  are  provided  to  the  contract  by  the  Air 
Force. 

The  research  facilities  used  by  the  THRU  consist  of  animal 
exposure  chambers  and  supporting  laboratories  which  have  pre¬ 
viously  been  described  by  MacEwen  (1965),  Fairchild  (1967),  and 
Thomas  ( 196  5) . 

During  the  first  6  years  of  operation,  the  primary  research 
efforts  of  the  THRU  were  directed  to  obtaining  information  on 
health  hazards  of  spacecraft  flight,  and  the  biology  ?al  data 
obtained  have  been  used  as  criteria  for  setting  continuous  expo¬ 
sure  limits  and  for  engineering  design  factors.  The  primary 
research  efforts  have  in  recent  years  focused  more  on  problems  of 
aircraft  environments,  chronic  occupational  health  problems,  and 
the  potential  oncogenicity  of  chemicals  used  in  military  and 
civilian  activities.  To  this  end,  the  current  research  programs 
serve  the  mutual  interests  of  the  U.  S.  Air  Force,  Navy,  Army, 
and  other  governmental  agencies. 
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ANNUAL  CONFERENCE 


As  part  of  its  contractual  responsibilities,  UCI/THRU  pre¬ 
sents  an  annual  technical  conference  to  disseminate  new  toxic¬ 
ologic  information  to  the  U.  S.  Air  Force  and  other  governmental 
and  industrial  scientists.  This  year's  conference  was  chaired  by 
Bruce  0.  Stuart,  Ph.D.,  Director  of  the  AFAMRL  Toxic  Hazards 
Division.  Twenty-two  technical  platform  papers  were  presented. 
This  year's  conference  did  not  have  a  specific  theme  and  consist¬ 
ed  of  five  interesting  and  topical  sessions  as  listed  below: 

I  Factors  Influencing  Lung  Toxicity  of  Atmospheres 

II  Issues  Raised  by  The  National  Toxicology  Program 
Ad  Hoc  Panel  on  Chemical  Carcinogenesis  Testing 
and  Evaluation 

III  In  Vitro  Approaches  to  In  Vivo  Toxicity:  General 
Principles 

IV  In  Vitro  Approaches  to  In  Vivo  Toxicity:  Liver  and 
Lung 

V  The  Skin  as  a  Route  of  Entry 

The  open  forum  discussions  following  each  session  resulted  in 
significant  contributions  of  additional  technical  information  and 
scientific  exchange.  The  conference,  held  30  October  through  1 
November  1984,  drew  187  participants  including  speakers. 

The  welcoming  remarks  were  presented  by  Col.  Warren  L. 
Carpenter,  Vice  Commander,  USAF  Aerospace  Medical  Division. 

The  conference  program  was  submitted  to  the  American  Board 
of  Industrial  Hygiene  and  to  the  University  of  California,  Irvine 
Continuing  Education  organization  for  evaluation.  The  ABIH 
awarded  2-1/2  points  for  recertification  and  16  C.E.U.'s  were 
awarded  to  attending  physicians. 

The  papers  presented  at  the  conference  were  prepared  for 
publication  as  the  Proceedings  of  the  15th  Conference  on  Environ¬ 
mental  Toxicology  which  is  a  separate  technical  report  (AFAMRL- 
TR-84-00  2) . 


SECTION  II 
RESEARCH  PROGRAM 

Toxicology  research  conducted  by  the  THRU  during  the  past 
year  was  primarily  concerned  with  continuing  studies  of  toxic  and 
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tumor lgenic  effects  of  inhaled  aircraft  and  rocket  fuels.  Inha¬ 
lation  studies  on  a  binary  compound,  EDMP,  were  also  conducted. 
Histologic  examinations  of  animal  tissues  from  several  studies  on 
the  chronic  effects  of  inhaled  aircraft  fuels  were  completed  and 
are  described  in  this  report.  Subchronic  inhalation  toxicity 
studies  of  dimethyl  methylphosphonato ,  a  simulant  test  gas,  were 
initiated  in  the  previous  report  year  and  the  animals  were  tested 
and  observed  during  the  current  year.  Studies  on  the  metabolism 
of  this  compound  are  continuing. 

Other  research  activities  of  the  THRU  during  the  past  year 
included  a  series  of  acute  toxicity  tests  on  O-ethyl-O' -(2-diiso- 
propylaminoethyl )methylphosphoni te  (EDMP)  and  a  series  of  by¬ 
product  chemicals  produced  in  the  manufacture  of  EDMP.  Hydraulic 
fluids  of  various  chemical  composition  were  studied  fcr  acute 
toxic  effects. 

The  current  status  of  these  ongoing  studies  is  detailed  in 
this  report. 

THE  EVALUATION  OS  THE  ONCOGENIC  POTENTIAL  OF  INHALED 

HYDRAZINE  IN  RATS  AND  HAMSTERS  AFTER  A  SERIES  OF  WEEKLY 

1-HOUR  EXPOSURES 

Hydrazine  is  a  strong  reducing  agent  with  numerous  applica¬ 
tions  in  the  military  and  in  industry.  One  of  the  important 
military  uses  of  hydrazine  is  as  a  fuel  in  the  standby  power 
systems  of  aircraft.  During  the  maintenance  of  these  systems 
workers  could  be  subjected  to  occasional  brief  exposures  of  high 
concentrations  of  hydrazine  vapors.  The  purpose  of  this  study 
was  to  assess  the  oncogenic  risk  of  several  short,  high  concen¬ 
tration  exposures  to  hydrazine,  utilizing  the  same  total  dose  of 
hydrazine  (concentration  x  time)  that  induced  pulmonary  tumors 
and  nasal  polyps  in  rats  and  hamsters  in  previous  chronic  inhala¬ 
tion  studies  (MacEwen  et  al.,  1981;  Vernot  et  al.,  1985).  De¬ 
scription  of  the  methods  and  partial  results  from  this  study  have 
been  presented  in  previous  THRU  Annual  Reports  (MacEwen  and 
Vernot,  1982,  1983,  and  1984). 

This  study  was  divided  into  3  phases  where  phases  I  and  II 
were  range-finding  studies  for  the  3rd  phase.  In  phase  III, 
groups  of  male  hamsters  and  male  and  female  rats  were  exposed 
weekly  for  1  hour  periods  to  hydrazine  concentrations  of  either 
750  ppm  (maximum  non-lethal  level)  or  75  ppm  for  a  10-week  per¬ 
iod.  These  exposures  resulted  in  total  CT  (concentration  x  time) 
values  of  7500  and  750  ppm  hours. 


«  , *  _ • 
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Male  and  female  rats  in  both  exposure  groups  demonstrated 
reduced  body  weight  gains  during  the  exposure  period.  However, 
postexposure  body  weight  gains  were  not  significantly  different 
(p  <  0.05)  than  control  group  weight  gains  for  either  male  or 
female  rats  at  either  exposure  level. 

Hamsters  in  the  higher  level  exposure  group  demonstrated 
reduced  weight  gain  during  the  exposure  period  when  compared  to 
the  control  hamsters.  During  the  remainder  of  the  test,  however, 
both  treatment  groups  exhibited  higher  mean  body  weights  than  did 
the  control  group. 

Hamster  mortality  reached  a  point  that  necessitated  their 
final  sacrifice  after  22  months  postexposure  (approximately  30 
months  of  age).  The  male  rat  final  sacrifice  was  conducted  at  28 
months  postexposure  and  the  female  rat  final  sacrifice  was  con¬ 
ducted  as  originally  scheduled  at  30  months  postexposure. 

Results  of  the  histologic  examination  of  animals  in  this 
study  are  not  yet  available.  They  will  be  presented  in  a  future 
annual  report. 


A  2-YEAR  STUDY  ON  THE  CARCINOGENICITY  OF  HYDRAZINE 
ADMINISTERED  IN  DRINKING  WATER  TO  MALE  GOLDEN  SYRIAN  HAMSTERS 

Groups  of  male  Golden  Syrian  hamsters  are  being  exposed  to 
aqueous  solutions  of  hydrazine  sulfate  as  their  sole  source  of 
drinking  water.  The  hydrazine  sulfate  concentrations  are  170, 
340,  and  510  mg/L.  A  negative  control  group  is  also  being  main¬ 
tained  on  distilled  water.  A  positive  control  group,  exposed  to 
10  mg/L  dimethyl  nitrosoami ne ,  was  also  initiated  in  October, 

1983  but  discontinued  after  approximately  7  months  due  to  high 
mortality.  Each  exposure  group  initially  consisted  of  40  male 
hamsters.  The  experimental  protocol  and  summaries  of  body 
weight,  mortality  and  water  consumption  data  were  presented  in  a 
previous  annual  report  (MacEwen  and  Vernot,  1984).  This  study  is 
being  conducted  in  collaboration  with  Dr.  Ronald  Shank  at  the 
Irvine  Campus  who  is  analyzing  tissues  for  DNA  constituents  and 
examining  the  tissues. 


Background 

Hydrazine  is  a  strong  reducing  agent  that  is  widely  used  for 
a  number  of  diverse  applications  by  the  military  and  in  industry. 
Under  appropriate  conditions,  hydrazine  has  been  shown  to  cause 
an  increased  tumor  incidence  in  rats  and  mice. 
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Hydrazine  administration  has  also  been  demonstrated  to  in¬ 
duce  the  formation  of  methylated  guanines  in  the  livers  of  test 
animals.  These  methylated  guanines,  thought  to  be  relevant  to 
carcinogenesis,  have  been  shown  to  persist  in  hamster  liver  DN f. 
much  longer  than  in  rat  liver.  However,  in  previous  studies, 
hydrazine  exposure  failed  to  induce  liver  cancer  in  hamsters 
(Toth,  1972  and  MacEwen  et  al.,  1981).  Therefore  this  study  was 
developed  to  expose  hamsters  to  high  concentrations  of  hydrazine 
over  prolonged  periods  of  time  in  order  to  study  the  relationship 
between  06-rnethyl  guanine  in  DNA  and  chemical  carcinogenesis. 


Results 

Water  consumption  was  measured  for  4-week  intervals  at  the 
study  initiation,  and  after  5,  9,  and  16  months  of  exposure. 
These  water  consumption  data  are  summarized  in  Table  1.  A  re¬ 
peated  measured  analysis  of  variance  was  conducted,  the  results 
of  which  indicated  that  the  effect  of  dose  was  parallel  with 
respect  to  time  (P  =  0.5109)  and  that  the  dose  effect  on  water 
consumption  was  not  significant  (p  <  0.05).  The  measured  water 
consumption  values  were  used  to  estimate  daily  doses  of  19,  32, 
and  40  mg  hydrazine  sulfate/kg  of  body  weight.  These  values  are 
somewhat  lower  than  the  projected  doses  of  23,  46,  and  69  mg  hy¬ 
drazine  sulfate/kg  of  body  weight. 


TABLE  1.  WATER  CONSUMPTION8-  (mL/ANIMAL/DAY)  OF 
MALE  GOLDEN  SYRIAN  HAMSTERS 


Hydrazine  Sulfate 


Period 

Control 

170 

mg/L 

340 

mg/L 

510 

mg/L 

4  weeks 

9.1 

+ 

0.2 

9.2 

± 

0.2 

8.1 

± 

0.2 

7.2 

±  0.1 

5  months 

15  .4 

± 

1  .1 

15  .4 

1  .4 

12.0 

± 

1  .2 

9.4 

±  0.4 

9  months 

14.0 

± 

1.6 

13.5 

± 

1.1 

11.3 

± 

1.0 

8.7 

±  0.3 

16  months 

18.6 

± 

2.1 

16.9 

± 

1  .4 

16  .5 

± 

1  .lb 

14.0 

±1.2 

Average 

14.3 

± 

0.4 

13.7 

+ 

oo 

• 

o 

11.9 

+ 

0.6 

9.8 

±  0.3 

a  Mean  +  SE,  N  =  10. 
b  N  =  9. 


Body  weight  data  are  presented  in  Figure  1.  The  body 
weights  of  all  groups  were  statistically  (p  <;  0.05)  equal  at  the 
study  initiation.  During  the  first  month  of  exposure  both  the 


19 


145 


MONTHS 


Figure  1.  Body  weights  of  male  Golden  Syrian  hamsters  exposed 
to  hydrazine  sulfate  in  drinking  water. 


340  and  510  mg/L  groups  had  significantly  (p  <  0.05)  reduced 
rates  of  growth.  However,  after  that  first  month  all  groups  have 
been  essentially  the  same. 

DNA  analysis  and  pathology  are  being  conducted  at  U.  C. 
Irvine  and  are  not  available  for  inclusion  in  this  report. 


A  CHRONIC  INHALATION  TOXICITY  STUDY  ON  MONOMETHYLHYDRAZINE 

Monomethylhydrazine  (MMh)  is  a  highly  reactive  chemical  used 
as  a  rocket  fuel  component  as  well  as  a  chemical  intermediate. 

The  acute  health  hazards  from  handling  MMH  and  its  analogs, 
hydrazine  and  unsymmetrical  dimethylhydrazine  (UDMH),  have  been 
well  defined  (Comstock  et  al.  ,  1954;  Shook  and  Cowart,  1957; 
Rinehart  et  al.,  1960;  Weeks  et  al.  ,  1963;  Jacobson  et  al.,  1966; 
Haun  et  al.  ,  1970;  Darmer  and  MacEwen,  1973).  The  symptoms  of 


acute  exposure  were  irritation,  emesis,  ataxia,  and  convulsions. 
MMH  was  also  found  to  cause  a  dose  related  hemolytic  anemia  which 
was  reversible  within  a  few  weeks  postexposure  (Haun  et  al., 
1970).  The  hemolytic  anemia  was  characterized  by  significant 
decreases  in  hematocrit,  red  blood  cells,  and  hemoglobin  which 
continued  for  several  days  postexposure.  The  destruction  of  red 
blood  cells  was  accompanied  by  an  increase  in  reticulocytes  dur¬ 
ing  the  period  of  maximum  decline  of  hematocrit  levels.  Persist¬ 
ent  renal  damage  was  also  seen  in  dogs  and  monkeys. 

Exposures  of  90  days  to  6  months  have  been  evaluated  exten¬ 
sively  in  our  laboratory  to  assess  the  safety  factor  and  appro¬ 
priateness  of  the  current  TLV  for  health  of  workmen.  These 
studies  have  included  both  continuous  and  intermittent  exposures 
to  rats,  mice,  dogs,  and  monkeys.  The  weekly  dose  of  MMH  in  ppm 
hours  for  the  previous  experiments  is  shown  in  Table  2. 


TABLE  2.  COMPARISON  OF  WEEKLY  DOSE  EXPOSURE  EQUIVALENTS 
OF  MMH  IN  CHRONIC  STUDIES  CONDUCTED  AT  THE  THRU 


Chamber 
Cone,  (ppm) 


Length 
of  Exposure 


Type  of  Exposure 


Weekly  Dose 
( ppm-hours ) 


0.2 

6 

Months 

Intermittent 

6 

0.04 

90 

Days 

Continuous 

6.72 

0.1 

90 

Days 

Conti nuous 

17 

1.0 

6 

Months 

Intermi ttenta 

30 

0.2 

6 

Months 

Conti nuous 

33  .6 

2.0 

6 

Mo  n  t  h  s 

Intermi ttenta 

60 

5.0 

6 

Months 

Intermittent21 

150 

a  6  hours/day  -  5  days/week. 


Numbers  of  reports  have  been  written  detailing  results  of 
these  studies.  Haun  (1970)  and  MacEwen  and  Haun  (1971)  reported 
chronic  studies  which  included  four  S-month  intermittent  expo¬ 
sures  (6  hours/day/5  days/week)  of  rats,  mice,  dogs,  and  monkeys 
to  0.2,  1.0,  2.0,  and  5.0  ppm  MMH,  and  continuous  exposure  of  the 
same  4  species  to  0.2  ppm  MMH.  The  MMH-induced  blood  dyscrasias 
following  acute  exposures  (Haun  et  al.,  1970)  were  dose-related 
effects  with  intermittent  exposures  as  well.  The  effects  oc¬ 
curred  in  both  species  examined,  dogs  and  monkeys,  but  to  a 
greater  extent  in  dogs.  MMH  produced  increases  in  methemoglobi n 
formation,  reticulocytes,  serum  alkaline  phosphatase,  total  phos¬ 
phorus,  and  serum  bilirubin  levels.  Decreases  were  found  in 
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hematocrit,  hemoglobin,  and  red  blood  cell  counts.  There  wa<  a 
definite  shift  in  dog  erythrocyte  fragility  with  increasing  MMH 
dosage.  Further  indications  of  MMH  induced  changes  were  dose 
related  depression  of  the  ratio  of  myeloid  to  erythroid  elements 
of  bone  marrow.  Intermittent  exposures  at  the  concentrations 
tested  failed  to  establish  a  no-effect  level. 

Darmer  and  MacEwen  (1973)  reported  the  results  of  a  6-month 
continuous  exposure  of  dogs,,  monkeys,  and  rats  to  concentrations 
of  0.10  and  0.04  ppm  MMH.  The  hematologic  effects  of  continuous 
exposure  to  0.10  ppm  MMH  were  consistent  with  the  dose  response 
previously  reported  at  higher  exposure  levels  (MacEwen  and  Haun, 
1971).  Continuous  exposure  at  0.04  ppm  MMH  did  not  significantly 
alter  the  hematology  of  the  test  animals  and  had  no  effect  on  rat 
growth. 

Another  common  finding  following  chronic  exposure  to  MMH  is 
renal  damage.  In  the  intermittent  exposures  (MacEwen  and  Haun, 
1971)  the  dogs  exhibited  hematuria,  hemoglobinuria,  methemoglobi- 
nuria,  and  cast  formation.  Sopher  et  al.  (1967)  reported  kidnc;, 
effects  in  dogs  which  included  proteinaceous  precipitates  in  the 
proximal  tubules  with  occasional  hemoglobin  casts.  Degeneration 
of  the  proximal  tubules  with  tubular  necrosis  was  present  in  many 
cases.  Van  Stee  (1965)  reported  a  decrease  in  tubular  excretion 
in  dogs  with  a  decrease  in  the  glomerular  filtration  rate  which 
he  attributed  to  the  renal  plasma  flow  rate.  Kroe  (1971)  found 
periportal  hepatic  hemosiderosis  and  cholestasis  in  dogs  and  mice 
exposed  to  5.0  and  2.0  ppm  MMH  for  6  months.  Renal  tubular  hemo¬ 
siderosis  of  the  proximal  convoluted  tubules  was  also  reported 
for  the  same  species. 

Hydrazines  administered  in  the  drinking  water  of  Swiss  mice 
and  Golden  Syrian  hamsters  were  reported  by  Toth  (1972,  1973)  to 
have  carcinogenic  activity.  In  the  first  of  these  studies,  solu¬ 
tions  of  0.001%  hydrazine  and  methylhydrazi ne  sulfate  were  given 
ac  libitum  to  5-  and  6-week  old  randomly  bred  Swiss  mice  for 
their  entire  lifetimes.  Hydrazine  and  methylhydrazine  sulfate 
significantly  increased  incidence  of  lung  tumors  in  the  mice, 
while  methylhydrazine  enhanced  the  development  of  neoplasms  by 
shortening  the  latent  period.  Toth  and  Shimizu  (1973)  report  a 
study  in  which  Golden  Syrian  hamsters  received  0.01%  methylhydra¬ 
zine  in  drinking  water  ad  libitum  for  life.  Malignant  histio¬ 
cytomas  (Kupffer  cell  sarcomas)  were  observed  in  the  livers  of 
54%  of  the  male  hamsters  treated,  while  none  were  observed  in  the 
control  groups. 

Earlier  studies  of  MMH  carcinogenicity  by  Kelly  et  al. 

(  1969)  and  Roe  et  al.  (1967)  did  not  demonstrate  any  increase  m 


tumor  incidence  over  control  animals.  Roe  admi n i stered  '  0 . 5  mg 
MMH/day  by  mouth  to  Swiss  mice  on  a  5  day/week  schedule  for  40 
weeks  and  found  a  lower  incidence  of  pulmonary  adenomas  compared 
to  untreated  controls.  Kelly  reported  that  oral  administration 
of  2"  aqueous  solutions  of  MMH  at  a  dose  of  0.2  mL/mouse  to  fe¬ 
male  CDF i  mice,  and  i.p.  administration  of  0.1  mL/mouse  in  male 
mice  of  the  same  strain  produced  no  more  lung  adenomas  or  leuke¬ 
mias  than  were  found  in  untreated  controls  after  8  weeks  of 
t  rea  tme n  t . 

MacEwen  and  Vernot  (1975)  reported  the  results  of  a  2-year 
drinking  water  study  in  which  hamsters  were  given  untreated  and 
acidified  drinking  water  (pH  3.5)  containing  0.01%  MMH.  A  third 
group  of  hamsters  was  given  acidified  water  as  unexposed  con¬ 
trols.  Neither  the  incidence,  degree  of  severity,  nor  age  at 
onset  of  non-neoplastic  pathologic  changes  was  markedly  different 
in  animals  drinking  aqueous  MMH  and  control  animals.  Neoplasms 
occurring  only  in  the  experimental  groups  included  one  hemangio¬ 
endothelioma  of  the  liver,  two  hepatocellular  carcinomas,  and  one 
cutaneous  melanoma.  They  were  derived  from  four  different  cell 
types  and,  as  such,  constitute  a  4%  incidence  for  each  tumor  in 
their  respective  groups  of  animals,  except  for  an  8%  incidence  of 
hepatocellular  carcinoma. 

The  reported  investigations  presented  some  evidence  that  MMH 
may  be  carcinogenic  and  therefore  may  pose  a  hazard  to  man.  This 
study  was  undertaken  to  determine  oncogenic  effects  in  large 
enough  populations  to  reveal  reasonably  small  increases  in  tumor 
i ncidence. 


MATERIALS  AND  METHODS 


Test  Agent 

Monomethylhydrazine  for  use  in  this  study  was  prepared  by 
Olin  Corporation.  The  batch  of  MMH  was  purified  at  Olin  by  bub¬ 
bling  nitrogen  gas  through  it  to  drive  off  the  more  volatile 
contaminants.  Five  liters  were  delivered  in  two  containers  and 
rebottled  at  the  THRU  in  100  mL  units  under  nitrogen.  This  was 
done  to  minimize  oxidative  degradation  during  use  and  also  to 
reduce  hazards  of  handling  large  volumes  routinely. 


Analysis  of  Chamber  Concentration 

The  analytical  procedure  for  monitoring  MMH  concentrations 
in  the  chambers  was  a  modification  of  the  method  reported  by 
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Geiger  and  Vernot  (1967).  A  chamber  air  sample  was  drawn  through 
a  glass  scrubber  column  filled  with  glass  beads  to  mix  the  MMH 
vapor  with  a  potassium  iodide  absorber  solution.  The  chamber  MMH 
contaminated  air  reduced  the  iodine  to  colorless  iodide  ion  pro¬ 
portional  to  the  amount  of  MMH  present  in  accord  with  Beer's 
Law.  The  air  and  liquid  were  separated  and  the  liquid  was  pumped 
to  a  Technicon  AutoAnalyzer®  to  determine  MMH  concentration. 

Over  the  year-long  series  of  daily  exposures,  the  MMH  concentra¬ 
tions  were  maintained  with  daily  relative  standard  deviations  of 
10%  or  less  in  all  chambers. 


Animals 

Fischer  344  rats  (CDF[ F344 ] /Cr 1BR) 1 ,  Golden  Syrian  hamsters 
( Lak : LVG[ SYR ] ) 1 ,  C57BL/6J  mice2,  and  beagle  dogs3  were  exposed  to 
MMH  by  the  inhalation  route  in  840  cubic  foot  chambers  described 
by  Thomas  (1965)  for  1  year  using  an  industrial  work  week 
schedule  of  6  hours/day,  5  days/week,  with  holidays  and  weekends 
off  to  simulate  an  industrial  exposure  regimen  for  man.  Rats  and 
mice  were  10  weeks  of  age,  hamsters  12  weeks  of  age,  and  dogs  11 
to  20  months  of  age  at  the  onset  of  the  study.  Food  was  avail¬ 
able  only  during  nonexposure  periods  while  water  was  available  ad 
libitum.  Animal  assignments  and  exposure  concentrations  (ppm) 
selected  were: 


Species 

Sex 

o 

• 

o 

0.02 

0.2 

2.0 

5.0 

Rats 

Male 

150 

100 

100 

100 

100 

Female 

150 

100 

100 

100 

100 

Mice 

Female 

400 

400 

400 

400 

— 

Hamsters 

Male 

200 

— 

200 

200 

200 

Dogs 

Male 

4 

_ _ 

4 

4 

_ 

Female 

4 

— 

4 

4 

_ 

1  Charles  River  Breeding  Laboratory,  Wilmington,  Massachusetts. 

2  Jackson  Laboratories,  Bar  Harbor,  Maine. 

3  Ridglan  Farms,  Inc.,  301  W.  Main  Street,  Mt.  Horeb,  Wisconsin. 
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EXPERIMENTAL  RESULTS 


Growth 


MMH  exposure  caused  a  dose  related  depression  of  growth  rate 
in  male  rats  throughout  the  entire  study.  This  was  particularly 
evident  at  the  5  ppm  concentration  where  growth  was  inhibited 
through  the  exposure  period.  The  effects  were  less  noticeable  at 
the  0.2  and  0.02  ppm  MMH  exposure  levels,  but  weights  were  sta¬ 
tistically  different  from  their  unexposed  controls  throughout  the 
treatment  period.  Rats  at  all  levels  of  MMH  exposure  continued 
to  show  statistically  significant  depression  in  mean  weights  when 
compared  to  their  respective  control  groups  for  the  entire  52 
weeks  postexposure  observation  period.  Mean  body  weights  of 
female  rrts  fluctuated  more  than  those  of  males,  but  the  weights 
of  the  two  highest  exposure  concentration  groups  remained  signif¬ 
icantly  below  the  control  group  for  the  duration  of  the  exposure. 
After  1-year  only  the  5.0  ppm  exposure  group  was  significantly 
lower  in  weight  than  controls.  Thereafter,  all  exposed  groups 
gained  at  a  significantly  slower  rate  than  controls. 

All  groups  of  hamsters  showed  the  bimodal  weight  distribu¬ 
tion  seen  in  previous  studies  with  this  species  (MacEwen  et  al.  , 
1981).  The  mean  weight  of  the  5  ppm  MMH  exposure  group  of  ham¬ 
sters  showed  a  definite  depression  when  compared  to  the  unexposed 
control  group.  The  two  intermediate  concentration  levels  re¬ 
mained  below  control  values  in  most  cases,  but  did  not  show  a 
clear  dose  response  as  was  seen  in  the  male  rats.  In  contrast  to 
the  rats,  hamsters  exposed  to  5  ppm  MMH  were  able  to  gain  weight 
and  finally  overtake  the  control  group  during  the  postexposure 
phase  of  the  study. 


Clinical  Laboratory  Measurements 

The  hemolytic  effects  seen  in  the  exposed  dog  groups  were 
similar  to  those  seen  in  a  previous  long-term  MMH  study  done  in 
our  laboratory  (Haun,  1970).  The  mean  red  blood  cell  count, 
hemoglobin  and  hematocrit  values  were  depressed,  starting  after  2 
weeks  of  exposure  and  continuing  through  to  the  conclusion  of  the 
exposure.  Statistical  analyses  of  these  measurements  revealed 
significant  differences  between  the  test  groups  and  their 
controls  at  almost  every  sampling  point. 

The  SGPT  values  increased  significantly  in  the  2  ppm  MMH 
exposed  group  at  the  first  biweekly  sampling  and  continued  to 
increase  for  12  weeks.  This  was  followed  by  a  slight  decline, 
but  values  remained  approximately  5-fold  greater  than  controls 
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for  the  remainder  of  the  exposure.  Twice  during  the  study,  at  18 
and  46  weeks,  one  dog  exposed  at  the  0.2  ppm  MMH  concentration 
level  exhibited  an  extremely  high  SGPT  value  which  returned  to  a 
normal  level  at  the  next  sampling  period  while  the  rest  of  the 
dogs  in  that  group  remained  marginally  elevated  over  controls. 
Concurrent  with  high  SGPT  values,  increases  in  alkaline  phos¬ 
phatase  and  biLirubin  values  were  most  compatible  with  liver 
stress  for  the  2  ppm  MMH  exposed  dogs.  Dogs  exposed  to  0.2  ppm 
were  not  different  from  controls  in  these  parameters. 

Methemoglobin  values  determined  for  the  2  ppm  exposed  dogs 
were  statistically  higher  than  their  unexposed  controls.  Each  of 
the  measurements  made  during  the  course  of  the  exposure  as  well 
as  at  the  conclusion  showed  higher  values  for  these  dogs  with 
group  mean  methemoglobin  values  ranging  from  0.97  to  1.83%. 
Methemoglobin  values  in  dogs  exposed  to  0.2  ppm  MMH  were  differ¬ 
ent  from  their  unexposed  controls  only  at  the  6-month  sampling 
period.  The  increase  in  methemoglobin  in  the  2  ppm  MMh  exposed 
dogs  confirmed  the  methemoglobin  effects  seen  in  the  dogs  in 
previous  studies. 

BSP  retention  in  the  2.0  ppm  exposed  dogs  was  significantly 
higher  fHan  that  measured  in  unexposed  controls  at  exposure  ter¬ 
mination,  but  by  2  weeks  postexposure  BSP  measurements  in  exposed 
dogs  had  returned  to  control  values.  SGPT  values  in  dogs  exposed 
to  2  ppm  returned  to  normal  levels  within  4  weeks  postexposure. 
Biannual  examinations  of  the  dogs  during  the  5-year  postexposure 
period  showed  all  blood  parameters  to  be  within  normal  limits. 


Pathology 

Rats  -  Lesions  most  frequently  seen  in  male  and  female  rats 
are  shown  in  Tables  3  and  4,  respectively.  There  were  no  adverse 
MMH  exposure-related  lesions  in  either  male  or  female  rats  but, 
as  frequently  happens  with  stressed  rodents,  there  were  dose 
related  decreases  in  the  incidence  of  leukemia  and  in  pituitary 
adenomas  at  the  highest  dose.  The  overall  tumor  incidence  (both 
benign  and  malignant)  was  comparable  in  all  groups  of  rats. 

Hamsters  -  Histologic  examination  of  hamster  tissues  (Table 
5)  revealed  some  modest  but  statistically  significant  increases 
in  non-neoplastic  liver  lesions  in  the  exposed  groups  of  hamsters 
indicating  a  chronic  hepatotoxic  effect.  Hepatitis  was  increased 
in  the  high  exposure  group  while  biliary  cysts  were  increased  in 
all  groups  of  exposed  hamsters. 


TABLE  3.  LESIONS  FOUND  IN  FISCHER  344  MALE  RATS  FOLLOWING 
INHALATION  OF  MMH  VAPOR  FOR  1  YEAR  (INCIDENCE  RATIO) 


Unexposed 

Controls 

0.02  ppm 
Exposed 

0.2  ppm 
Exposed 

2.0  ppm 
Exposed 

5.0  ppm 
Exposed 

Lung  Carcinoma 

7/150 

6/100 

0/100 

3/99 

1/99 

Mononuclear  Cell 
Leukemia 

18/150 

9/100 

3/ 100b 

3/99b 

4/99b 

Pituitary  Adenoma 

44/150 

34/100 

32/100 

23/99 

18/99 

Kidney  Nephropathy  113/150 

57 / 100a 

82/ 100b 

60/ 99a 

40/99a 

Test  ic.ular 

I  nterstit ial 
Cell  Tumor 

125/149 

86/1 00a 

89/ 100a 

73/95 

80/96 

Thyroid  "C"  Cell 
Adenoma 

22/150 

17/ 10C 

18/100 

15/99 

3/99a 

a  Different  from 
b  Different  from 

controls,  p 
controls,  p 

<  0.01. 

<  0.05. 

TABLE  4.  LESIONS  FOUND  IN  FISCHER  344  FEMALE  RATS  FOLLOWING 
INHALATION  OF  MMH  VAPOR  FOR  1  YEAR  (INCIDENCE  RATIO) 

Unexposed  0.02  ppm  0.2  ppm  2.0  ppm  5.0  ppm 
Controls  Exposed  Exposed  Exposed  Exposed 

Lung : 


Adenoma 

Carcinoma 

1/149 

3/149 

1/99 

5/99 

2/100 

1/100 

1/99 

3/99 

1/99 

0/99 

Mononuclear  Cell 
Leukemia 

19/149 

6/99 

5/ 100b 

l/99a 

0/99 

Pituitary  Adenoma 

43/149 

45/99a 

43/ 100a 

48/99a 

26/99 

Kidney  Nephropathy 

32/149 

12/99 

19/100 

23/99 

15/99 

Mammary : 

Hyperplasia 

Adenoma 

Adenocarcinoma 

10/149 

15/149 

5/149 

9/99 

10/99 

1/99 

10/100 

10/100 

0/100 

18/99 

9/99 

0/99 

9/99 

9/99 

2/99 

a  Different  from  controls,  p 
b  Different  from  controls,  p 

<  0.01. 

<  0.05. 

TABLE  5.  LESIONS  FOUND  IN  GOLDEN  SYRIAN  HAMSTERS  FOLLOWING 
INHALATION  OF  MMH  VAPOR  FOR  1  YEAR  (INCIDENCE  RATIO) 

Unexposed  0.2  ppm  2.0  ppm  5.0  ppm 
Controls  Exposed  Exposed  Exposed 


Liver: 


Hepatitis 

20/194 

15/175 

24/177 

31/174 

Biliary  Cysts 

41/194 

67/175b 

73/177b 

76/174 

Nares : 

Submucosal  Cysts 

35/190 

52/ 177a 

56/180° 

46/177 

Rhinitis 

12/190 

21/177a 

25/180a 

28/177 

Adenoma 

1/190 

0/177 

0/180 

7/177 

Polyp 

0/190 

0/177 

9/ 180b 

1 1/177 

Hyperplasia 

0/190 

0/177 

2/180 

4/177 

Lung: 

Atelectasis 

0/189 

2/177 

5/174* 

7/174 

Bronchogenic  Adenoma 

0/189 

0/177 

0/174 

1/174 

Alveolar  Adenoma 

0/189 

0/177 

0/174 

1/174 

Kidneys: 

Interstitial  Fibrosis 

75/195 

83/179 

105/176° 

96/177* 

Lymph  Nodes: 

Reticuloendothelial 

tumors 

7/192 

5/167 

2/170 

6/168 

Lymphoid  hyperplasia 

26/192 

12/167 

15/170 

6/168 

Adrenals : 

Cortical  adenoma 

( Benign) 

16/191 

16/173 

10/172 

23/ 176 

Cortical  adenoma 

(Malignant) 

11/191 

14/173 

11/172 

10/176 

Bone : 

Osteoma 

0/190 

0/180 

2/181 

1/182 

a  Different  from  controls,  p  <  0.05. 
b  Different  from  controls,  p  <  0.01. 


Both  non-neoplastic  and  neoplastic  changes  were  increased  in 
the  nasal  cavity  of  exposed  hamsters.  Submucosal  cysts,  rhinitis 
and  epithelial  hyperplasia  increased  in  incidence  in  the  exposed 
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animals.  More  importantly,  the  presence  of  nasal  tumors  (adeno¬ 
mas  and  polyps)  in  the  animals  exposed  to  the  higher  levels  is 
significant  as  nasal  tumors  are  rare  in  aged  hamsters.  Signifi¬ 
cant  numbers  of  adenomatous  polyps  also  appeared  in  the  noses  of 
hamsters  exposed  to  5  ppm  hydrazine  for  1  year  on  an  industrial 
6  hour/day ,  5  day/week  schedule  (MacEwen  and  Vernot ,  1979). 

There  is  a  modest  but  statistically  significant  increase  in 
the  incidence  of  focal  collapse  of  the  lung  seen  in  hamsters 
exposed  to  the  two  highest  concentrations  of  MMH. 

Mice  -  Non-neoplastic  lesions  found  in  mice  are  listed  in 
Table  6.  There  were  significant  increases  in  irritation  of  the 
nasal  cavity  such  as  nasal  inflammation,  plasmacytosis ,  and  hem¬ 
orrhage  in  the  mandibular  lymph  nodes.  A  number  of  changes  were 
seen  in  the  liver  with  marked  increases  in  incidence  of  cysts, 
bile  duct  hyperplasia,  hepatocellular  pleomorphism  and  gallblad¬ 
der  crystals  in  the  high  exposure  group.  Statistically  signifi¬ 
cant  increases  in  angiectasis  were  also  seen  in  the  highest  MMH 
exposure  group  of  mice. 


TABLE  6.  NON-NEOPLASTIC  LESIONS  FOUND  IN  C57BL/6  MICE 
FOLLOWING  INHALATION  OF  MMH  VAPOR  FOR  1  YEAR  (INCIDENCE  RATIO) 


Unexposed 

Controls 

0.02  ppm 
Exposed 

0.2  ppm 
Exposed 

2.0  ppm 
Exposed 

Nasal  Inflammation 

10/367 

35/354b 

17/349 

28/355b 

Mandibular  Lymph  Node: 
Plasmacytosis 
Hemorrhage 

17/322 

2/322 

50/344b 

7/344 

46/330b 

7/330 

31/329 

10/329a 

Liver  Cysts 

3/373 

4/357 

13/357a 

39/363b 

Bile  Duct  Hyperplasia 

2/373 

2/357 

1/357 

1 7/363b 

Hepatocyte  Plemorphism 

11/373 

6/357 

11/357 

33/363b 

Gallbladder  Crystals 

10/303 

7/295 

8/315 

53/3 1 2b 

Angiectasis 

16/387 

26/371 

29/ 368a 

59/371b 

Kidney : 

Hydronephrosis 

Cysts 

4/374 

2/374 

11/362 

4/362 

6/353 

10/353a 

14/365a 

7/365 

Different  from  controls,  p  <  0.05. 
Different  from  controls,  p  <  0.01. 
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Neoplastic  lesions  found  in  mice  after  exposure  to  MMH  are 
shown  in  Table  7.  Adenomas  and  adenomatous  polyps  were  seen  in 
the  nasal  mucosa  of  a  few  mice  at  the  highest  MMH  exposure  level. 
Although  the  numbers  are  not  large,  they  are  considered  signifi¬ 
cant  since  none  w-re  found  in  the  control  group,  and  we  rarely 
see  these  lesions  in  untreated  mice.  There  were  marked,  dose  de¬ 
pendent  increases  in  lung  tumors  seen  in  mice  exposed  to  0.2  and 
2  ppm  MMH.  A  small  number  of  unusual  neoplasms  (osteomas)  were 
observed  in  nasal  tissue  of  the  2.0  ppm  exposed  mice. 


TABLE  7.  NEOPLASTIC  LESIONS  FOUND  IN  C57BL/6  MICE  FOLLOWING 
INHALATION  OF  MMH  VAPOR  FOR  1  YEAR  (INCIDENCE  RATIO) 


Unexposed 

0.02  ppm 

0.2  ppm 

2.0  ppm 

Con  t  rols 

Exposed 

Exposed 

Exposed 

Nasal  Mucosa: 

Adenoma 

0/367 

1/354 

0/349 

1/355 

Adenomatous  polyp 

0/367 

0/354 

0/349 

4/355 

Osteoma 

0/367 

0/354 

0/349 

3/355 

Epithelial  neoplasms 
(nasal  and 

respiratory  mucosa) 

0/367 

2/354 

1/349 

4/355 

Lung : 

Adenoma 

13/364 

16/354 

23/347 

56/360b 

Carcinoma 

0/364 

1/354 

2/347 

3/360 

Liver: 

Adenoma 

6/373 

2/357 

5/357 

20/ 36  3b 

Carcinoma 

2/373 

4/357 

4/357 

1 4/36  3b 

Duodenum  Adenoma 

1/310 

5/303 

7 / 309a 

5/308 

Hemangioma 

5/387 

9/371 

5/368 

22/371b 

Hemangiosarcoma 

1/387 

4/371 

4/368 

5/371 

a  Different  from  controls, 
b  Different  from  controls, 

p  <  0.05. 
p  <  0.01. 

Statistically  significant  increases  in  liver  adenomas  and 
carcinomas  were  also  seen  in  mice  exposed  to  2  ppm  MMH,  and  par¬ 
allel  pleomorphic  changes  were  seen  i->  hepatocytes  with  a  signif¬ 
icant  increase  at  the  highest  dose  level.  Neoplastic  vascular 
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lesions  (hemangiomas)  were  markedly  increased  in  the  high  expo¬ 
sure  level.  ' 

Dogs  -  No  MMH  induced  lesions  were  found  in  any  of  the  MMH 
exposed  dogs.  The  lesions  seen  were  those  normally  found  in  aged 
beagle  dogs. 


DISCDSS ION 

Chronic  exposure  to  MMH  vapors  resulted  in  depressed  growth 
in  rats  and  hamsters.  Although  the  rats  and  hamsters  showed  an 
accelerated  weight  gain  postexposur e ,  they  remained  significantly 
smaller  than  their  respective  unexposed  control  groups. 

Hematologic  effects  of  MMH  exposure  were  seen  in  dogs  after 
2  weeks  and  continued  throughout  the  treatment  period.  Liver 
insult,  as  indicated  by  increases  in  SGPT,  alkaline  phosphatase, 
and  bilirubin  levels,  was  present  during  exposure;  however,  the 
SGPT  values  of  the  2  ppm  exposed  dogs  returned  to  normal  levels  4 
weeks  postexposure.  This  was  a  surprising  and  much  more  rapid 
recovery  than  seen  in  dogs  exposed  to  5.0  ppm  UDMH  where  it 
required  more  than  11  weeks  to  return  to  control  levels  (MacEwen 
and  Vernot,  1979).  The  return  of  BSP  and  SGPT  measurements  in 
MMH  exposed  dogs  to  unexposed  control  levels  indicated  that  the 
MMH  induced  liver  injury  was  reversible. 

Oncogenic  changes  were  noted  in  the  respiratory,  hepatic, 
and  vascular  systems  of  rodents.  Significant  increases  were 
noted  in  nasal  tumors  in  the  hamsters  exposed  to  5.0  ppm  and, 
although  not  statistically  significant,  hyperplastic  lesions  were 
also  found  in  the  nasal  mucosa  of  the  mice  exposed  to  2  ppm  MMH. 
Alveola r/bronchiolar  and  hepatocellular  adenomas  and  carcinomas, 
and  vascular  hemangiomas  were  all  found  in  increased  numbers  in 
the  mice  exposed  to  this  MMH  concentration. 

Rats  showed  no  exposure  related  lesions  at  necropsy.  De¬ 
creases  in  pituitary  adenomas  and  leukemia  incidence  have  been 
noted  previously  in  experimental  animals  exposed  to  hydrazine 
compounds  (MacEwen  and  Vernot,  1980,  1981)  as  well  as  other  toxic 
compounds  (Young  and  Cries,  1984).  Histopathologic  changes  in 
dogs  were  typical  of  aging  and  unrelated  to  M..1H  exposure. 

The  ACGIH  adopted  a  TLV  ceiling  concentration  of  0.2  ppm 
(0.35  mg/m3)  for  MMH  in  1966  that  has  remained  unchanged.  That 
MMH  exposure  to  skin,  mucous  membranes,  and  eyes  could  contribute 
to  the  overall  exposure  to  MMH  has  also  been  noted  (U.  S.  Depart¬ 
ment  HEW,  1978).  The  ceiling  concentration  of  0.2  ppm  was  based 
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’  on  a  comparison  of  the  acute  toxicity  of  MMH  with  that  of  1,1- 

-•  d imethylhydrazine  (Jacobson  et  al.  ,  1966;  Smyth,  1956).  This  was 

largely  based  on  the  observation  by  Jacobson  et  al.  that  MMH 
I  resembled  1 , 1-dimethylhydrazine  and  hydrazine  In  its  toxic  ef¬ 

fects  and  that  the  acute  toxicity  of  MMH  was  approximately  three 
times  that  of  1 , 1-dimethylhydrazine  (TLV  =  0.5  ppm). 

The  American  Conference  of  Governmental  Industrial  Hygien- 
j  ists  (ACGIH,  1982)  has  proposed  a  classification  system  for 

'  experimental  animal  carcinogens.  Substances  occurring  in  the  oc¬ 

cupational  environment  found  carcinogenic  for  animals  may  be 
grouped  into  three  classifications  -  those  of  high,  intermediate, 
and  low  potency. 

i  To  qualify  as  a  carcinogen  of  intermediate  potency,  a  sub¬ 

stance  must  fulfill  one  of  the  following  conditions  in  2  animal 
species:  1)  Elicit  cancer  from  dosages  between  1  and  10  mg/m3 

via  the  respiratory  tract  in  6-7  hour  daily,  repeated  inhalation 
exposures  throughout  lifetime.  2)  Elicit  cancer  by  daily  intake 
via  the  gastrointestinal  tract,  within  a  6  month  holding  period, 
at  a  dosage  between  1  and  50  mg/kg  body  weight/day. 

The  A2  designation  (Industrial  Substances  Suspect  of  Car¬ 
cinogenic  Potential  to  Man)  was  first  assigned  to  this  compound 
in  1980.  The  designation  was  assigned  as  a  result  of  the  studies 
by  Toth  and  Shimizu  (1973).  Although  there  were  conflicting 
results  of  carcinogenicity  in  hamsters,  the  committee  felt  the 
classification  of  A2  suspected  carcinogen  was  in  order. 


CONCLUSIONS 

Malignant  histiocytomas  were  observed  in  the  livers  of  ham¬ 
sters  (Toth  a-:.d  Shimizu,  1973)  following  a  lifetime  intake  of 
0.01%  MMH  in  drinking  water,  a  dose  of  approximately  16  mg/kg  per 

day  based  on  an  average  body  weight  of  120  grams.  This  study  has 

produced  al veolar/bronchiolar  adenomas,  hepatocellular  adenomas 
and  carcinomas,  and  hemangiomas  in  female  mice  exposed  to  2  ppm 
(3.5  mg/m3)  of  MMH.  In  addition,  nasal  adenomatous  polyps  were 
found  in  the  female  mice  exposed  to  2  ppm  and  in  the  male  ham¬ 
sters  exposed  to  5  ppm  (9.4  mg/m3)  MMH.  The  neoplastic  response  ■ 

in  both  mice  and  hamsters  inhaling  2  and  5  ppm  MMH,  respectively, 
and  the  incidence  of  hepatic  tumors  in  hamsters  receiving  15 

mg/kg  MMH  per  day  in  their  drinking  water,  classifies  MMH  as  an  ! 

intermediate  carcinogen  and  Justifies  the  A2  designation  recom¬ 
mended  by  ACGIH.  > 
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CHRONIC  INHALATION  EXPOSURE  OP  EXPERIMENTAL  ANIMALS  TO 

METHYLCYCLOHEXANE 

INTRODUCTION 

Methyl  cyclohexane  ( MCH )  is  a  liquid  hydrocarbon  used  as  a 
solvent  for  cellulose  ethers  and  has  been  used  in  the  aircraft 
fuel  designated  JP-9.  Acute  toxicity  studies  of  MCH  were  report¬ 
ed  by  Treon  et  al.  (1943).  Six-hour  acute  exposures  of  rabbits 
to  inhaled  concentrations  of  MCH  above  10,000  ppm  caused  convul¬ 
sions,  light  narcosis,  labored  breathing,  salivation,  and  con¬ 
junctival  congestion.  Between  5500  ppm  and  7300  ppm,  lethargy 
and  impaired  coordination  were  the  only  signs.  Lazarew  (1929) 
reported  that  7500  to  10,000  ppm  vapor  for  2  hours  produced 
narcosis  in  mice  while  10,000  to  12,000  ppm  caused  death.  Lehman 
and  Flury  (1943)  indicated  that  the  acute  toxicity  of  MCH  was 
greater  than  that  of  heptane,  but  less  than  that  of  octane. 
Similar  high  level  narcotic  effects  were  reported  when  mice  were 
exposed  to  heptane  vapors  between  10,000  and  15,000  ppm  (Fuehner, 
1921).  In  addition,  Patty  and  Yant  (1929)  reported  slight  diz¬ 
ziness  in  man  after  exposure  to  1000  ppm  for  6  minuces.  Concen¬ 
trations  of  2000  to  5000  ppm  resulted  in  marked  vertigo,  hilar¬ 
ity,  incoordination,  and  nausea  which  persisted  for  several  hours 
after  exposure.  The  American  Conference  of  Governmental  Indus¬ 
trial  Hygienists  lowered  the  threshold  limit  value  (TLV )  for  MCH 
in  1976  from  500  ppm  to  400  ppm  or  1600  mg/m3.  The  recommended 
short-term  exposure  limit  (STEL)  is  500  ppm  or  2000  mg/mJ  based 
on  analogy  to  the  toxicity  of  heptane,  and  the  TLV  and  STEL  val¬ 
ues  are  identical  to  the  TLV  and  STEL  of  heptane. 

The  use  of  analogy  with  other  solvents  for  setting  human 
exposure  limits  has  resulted  in  serious  occupational  disease 
outbreaks  in  exposed  workers.  A  TLV  of  500  ppm  had  been  set  for 
n-hexane  based  solely  on  acute  toxicity  data  in  animals  for  other 
petroleum  solvents  such  as  pentane.  Reports  of  peripheral  neuro¬ 
pathy  in  workers  exposed  to  hexane  resulted  in  the  lowering  of 
the  American  Conference  of  Governmental  Industrial  Hygienists  TLV 
to  100  ppm  in  1974  and  to  50  ppm  in  1980. 

Since  methylcyclohexane  is  a  highly  volatile  liquid,  chronic 
exposure  would  be  expected  to  be  fairly  high  vapor  concentra¬ 
tions.  Consequently,  these  studies  were  undertaken  to  obtain  the 
data  needed  to  assess  the  safety  margin  of  current  exposure  lim¬ 
its  for  methylcyclohexane.  The  design  of  the  study  also  provided 
for  the  detection  of  oncogenic  potential  of  methylcyclohexane. 
Animal  exposure  concentrations  of  MCH  for  this  study  were  select¬ 
ed  on  the  basis  of  the  current  TLV  (400  ppm)  and  the  maximum 
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tolerated  level  for  repeated  exposures  which  appeared  to  be  2000 
ppm. 

i 

MATERIALS  AND  METHODS 


Test  Agent 

The  methylcyclohexane  used  in  this  study  was  manufactured 
and  obtained  from  Eastman  Organic  Chemical  Corporation.  The  MCH 
supplied  came  in  steel  drums  and  consisted  of  3  different  lots 
designated  A8  ,  A9 ,  and  B8 .  Purity  analyses  were  conducted  on  the 
MCH  in  each  drum.  The  results  are  tabulated  below: 


Lot  No, 

%  Purity 

%  N-Heptane 

%  Tolue 

A8 

98.57 

0.86 

0.56 

A9 

98.50 

0.97 

0.52 

B8 

98.66 

0.74 

0.60 

Only  two  impurities,  n-heptane  and  toluene,  were  identified 
and  the  rela.ive  purity  of  the  MCH  was  consistent  from  drum  to 
drum  within  l^ts  and  between  lots  used  in  the  study.  I 

Generation  and  Analysis 

* 

) 

The  generation  of  desired  chamber  concentrations  of  MCH  was 
accomplished  by  metering  liquid  MCH  directly  into  the  chamber  ? 

inlet  air  supply  stream  where  vaporization  was  accomplished  in 
sufficient  air  volume  to  prevent  formation  of  an  explosive  vapor 
mixture. 

v 

Air  samples  were  continuously  drawn  from  the  chambers  during 
animal  exposures  for  analysis  using  a  total  hydrocarbon  anal¬ 
yzer.  Each  pair  of  chambers  with  the  same  nominal  concentration  ; 

was  sampled  alternately  on  a  15  minute  cycle  with  a  single  ; 

analyzer.  ■. 


Animals 

Fischer  344  rats  (CDF  [ F344 ] /Cr 1BR) ,  Golden  Syrian  hamsters 
(Lak:LVG  ([SYR]),  C57BL/6J  mice  and  purebred  beagle  dogs  were  i 

used  in  this  study.  Rats  were  10  weeks  of  age,  mice  8  weeks  of 
age,  and  hamsters  12  weeks  of  age  at  the  onset  of  the  study.  The 
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beagle  dogs  ranged  in  age  between  8  and  13  months.  Food  was 
available  only  during  nonexposure  periods  while  water  was  avail¬ 
able  ad  libitum. 


Exposure  Conditions 

The  animals  were  exposed  to  MCH  by  the  inhalation  route 
in  dome  shaped,  840  cubic  foot  chambers  described  by  Thomas 
(1965)  for  1  year  using  an  industrial  work  week  schedule  of  6 
hours/day,  5  days/week,  with  holidays  and  weekends  off  to  simu¬ 
late  an  industrial  exposure  regimen  for  man.  Each  exposure  and 
control  group  consisted  of  65  male  and  65  female  rats,  200  female 
mice,  100  male  hamsters,  and  8  dogs  equally  divided  by  sex.  The 
numbers  of  rodents  used  were  selected  to  provide  a  statistically 
valid  number  of  each  species  after  2  years  on  study  for  com¬ 
parison  of  exposure  group  and  control  incidence  of  histologic 
changes.  Dogs  were  included  in  the  study  to  provide  indices  of 
non-tumor  effects,  mainly  from  analyses  of  blood. 

The  exposure  portion  of  this  study  continued  for  1  year 
after  which  20  mice,  10  rats  and  10  hamsters  from  each  group  were 
necropsied  to  assess  chronic  toxicity  effects  in  primary  tissues. 
The  remaining  rodents  were  held  for  an  additional  year  and  the 
dogs  for  5  years  of  postexposure  observation. 


EXPERIMENTAL  RESULTS 


Exposure  Measurements 

The  exposure  concentrations  achieved  during  the  12-month 
exposure  period  are  shown  in  Table  8.  Exposure  chamber  concen¬ 
tration  control  was  excellent  after  the  first  few  weeks  and  is 
reflected  in  the  relatively  small  standard  deviations  of  the 
means . 


TABLE  8.  METHYLCYCcOHEX ANE  CONCENTRATIONS 
MEASURED  IN  ANIMAL  EXPOSURE  CHAMBERS 


Chamber 

Chamber 

Chamber 

Chamber 

1 

2 

3 

4 

No.  of  Sampling  Days 

243 

243 

243 

243 

Nominal  Cone. ,  ppm 

400 

400 

2000 

2000 

Mean  Measured  Cone. , 

ppm 

401.5 

398.9 

2009 

1998 

Standard  Deviations, 

ppm 

±  4.5 

±  2.5 

±  46  .6 

±  52.4 

Concentration  Range, 

ppm 

393-412 

395-402 

1878-2080 

1847-2047 
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Growth 


Male  rats  exposed  to  both  levels  of  MCH  showed  depressed 
growth  throughout  the  study.  Although  the  male  rats  showed  an 
increase  in  weight  gain  after  removal  from  the  exposure  chambers, 
they  still  did  not  attain  the  mean  weight  of  the  unexposed  con¬ 
trol  group.  The  female  rat  weights  were  unaffected  during  expo¬ 
sure  as  well  as  during  the  postexposure  observation  period.  A 
definite  depression  in  mean  body  weights  was  seen  in  the  exposed 
hamster  groups  but  was  not  dose  related.  Immediately  following 
exposure,  both  exposed  hamster  groups  gained  weight  and  became 
equivalent  to  the  control  group. 


Clinical  Laboratory  Measurements 

Hematology  and  clinical  chemistry  determinations  were  made 
on  male  and  female  rats  sacrificed  after  1  year  of  exposure. 
Although  there  were  no  biologically  significant  differences  be¬ 
tween  MCH  exposed  and  control  rats,  a  significant  increase  in 
creatinine  along  with  an  increase  in  BUN  was  seen  in  the  male 
group  exposed  to  400  ppm  MCH  but  wD~  not  evident  in  the  high 
exposure  group.  Low  WBC's  were  found  in  all  exposed  groups,  both 
male  and  female.  Because  of  hemolysis  in  most  samples  of  female 
rat  blood,  no  clinical  chemistry  conpar.'.i.ins  could  be  made. 

Clinical  determinations  on  dog  blood  i;aken  at  biweekly  in¬ 
tervals  gave  variable  but  non-MCH  related  results.  The  only 
parameter  affected  by  MCH  exposure  was  a  transient  increase  in 
the  mean  SGPT  level  of  the  dogs  exposed  to  2000  ppm  which  was 
caused  by  a  single  dog  exhibiting  a  high  SGPT  level  during  the 
seventh  exposure  week  while  the  other  animals  of  the  group  were 
normal.  The  incroase  i.i  SGPT  values  occurred  again  between  39 
and  43  weeks  in  the  same  dog  from  the  2000  ppm  group  as  well  as 
in  2  dogs  from  the  400  ppm  grc'<p.  Significant  differences  in 
SGPT  values  of  dogs  were  not  seen  during  the  5-year  postexposure 
pei xod. 


Pathology 

All  of  the  animals  used  in  this  study  were  necropsied  at 
death  with  a  battery  of  approximately  33  tissues  sampled  from 
each  animal  for  hj.s topathology  examination  following  the  protocol 
used  by  the  National  Cancer  Institute  (Sontag  et  al.  ,  1976). 

At  the  end  of  the  12-month  intermittent  exposure  to  MCH  15 
to  of  the  animals  of  each  sex  and  species  were  killed  for 
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histologic  examination  to  determine  immediate  effects  of  chronic 
inhalation  exposure  to  this  agent.  The  remaining  animals  were 
held  for  an  additional  year  to  determine  if  delayed  effects  of 
the  MCH  exposure  would  be  seen. 

There  were  no  histologic  lesions  seen  in  the  animals  killed 
immediately  following  the  12-month  exposure  period  that  could  be 
attributed  to  MCH.  The  incidence  of  lesions  of  any  type  was  low 
and  was  comparable  among  exposed  and  control  animals. 

The  results  of  examination  of  tissue  from  the  animals  that 
died  during  the  postexposure  observation  period  or  were  killed  at 
the  study  termination  are  listed  in  Tables  9  through  16.  The 
tables  of  non-neoplastic  lesions  of  the  4  species  have  been  ab¬ 
breviated  to  exclude  lesions  of  very  low  incidence. 


Rats 

In  male  rats,  the  major  target  organ  was  the  kidney  where 
two  types  of  lesions  were  associated  with  exposure.  Virtually 
all  of  the  male  rats  had  lesions  consistent  with  progressive 
renal  nephropathy,  common  in  older  male  rats.  In  the  male  rats 
exposed  to  the  higher  level,  there  was  a  statistically  signi¬ 
ficant  increase  in  the  occurrence  of  medullary  mineralization  and 
epithelial  hyperplasia  of  the  renal  papilla.  However,  no  in¬ 
crease  of  these  lesions  over  controls  was  seen  in  the  group  ex¬ 
posed  to  400  ppm.  Interstitial  cell  tumors  of  the  testes,  seen 
at  study  termination,  appeared  to  be  equally  distributed  between 
the  test  and  control  groups  and  not  related  to  exposure.  No  dose 
related  lesions  were  noted  in  the  exposed  female  rats  when  com¬ 
pared  to  the  control  group. 

Mice,  Hamsters,  and  Dogs 

No  significant  lesions  were  found  in  female  mice,  male  ham¬ 
sters,  or  beagle  dogs  when  compared  to  their  respective  control 
groups.  Lesions  noted  were  those  commonly  seen  in  older  animals 
of  these  groups. 

Neoplastic  changes  seen  in  rats,  mice,  and  hamsters  were 
those  expected  in  aging  animals  of  these  species.  No  neoplastic 
lesions  were  found  in  dogs.  Statistical  analysis  of  the  data 
failed  to  indicate  any  significant  increase  in  tumor  formation 
in  the  MCH  exposed  animals  when  compared  to  their  respective 
controls. 


TABLE  9.  SELECTED  NON-NEOPLASTIC  LESIONSa  SEEN  IN  RATS  HELD 
FOR  POSTEXPOSURE  OBSERVATION  AFTER  12-MONTH  INTERMITTENT 
INHALATION  EXPOSURE  TO  METHYLCYCLOHEXANE 

Males 


Controls 


400  ppm 


2000  ppm 


Liver 


Bile  Duct  Hyperplasia 

32/53 

22/55 

19/52 

Necrosis 

2/53 

0/55 

1/52 

Circulatory  System 

Myocardial  Fibrosis 

11/53 

3/55 

14/52 

Pulmonary  Artery 

Mineralization 

6/53 

3/55 

0/52 

K  idney 

Medullary  Mineralization 

1/53 

2/55 

19/52' 

Nephropathy 

49/53 

52/55 

52/52 

Papillary  Hyperplasia 

1/53 

1/55 

23/521 

Tubular  Degeneration 

1/53 

0/55 

2/52 

Testes 

Atrophy 

4/53 

2/55 

1/52 

Lungs 

Adenomatosis 

1/53 

Females 

2/55 

0/52 

Liver 

Bile  Duct  Hyperplasia 
Necrosis 

Circulatory  System 
Myocardial  Fibrosis 
Pulmonary  Artery 
Mineralization 
Kidney 

Medullary  Mineralization 
Nephropathy 
Reproductive 
Ovarian  Cysts 
Uterine  Dilatation 
Mammary  Gland 

Cystic  Hyperplasia 
Lungs 

Adenomatosis 


5/52 

2/50 

3/54 

4/52 

0/50 

1/54 

1/52 

3/51 

4/53 

6/52 

2/51 

3/54 

4/52 

0/51 

1/54 

15/52 

7/51 

15/54 

6/50 

2/51 

3/52 

5/52 

9/51 

4/52 

10/47 

17/53 

14/48 

2/52 

0/51 

1/54 

a  Number  observed/Number  examined. 
b  Different  from  control,  p  <  0.01. 
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TABLE  10.  NEOPLASTIC  LESIONSa  SEEN  IN  MALE  RATS  HELD  FOR 
POSTEXPOSURE  OBSERVATION  AFTER  12-MONTH  INTERMITTENT 
INHALATION  EXPOSURE  TO  METHYLCYCLOH EXAN E 


Ski n/Suhcutaneons 
Kera toacanthoma 
Fibroma 
Tibroadenoma 
Osteosarcoma 
Basal  Cell  Tumor 
Mammary  Gland  Fibroadenoma 
Myxoma 
Lungs 

Squamous  Cell  Carcinoma 
Nasal 

Squamous  Cell  Carcinoma 
Liver 

Mononuclear  Cell  Leukemia 
Pituitary 


Adenoma 

Carcinoma 

Neoplasm 

Thyroid 

Adenoma 

Carcinoma 

Kidney 

Renal  Cell  Adenoma 
Renal  Cell  Carcinoma 
Adrenals 
Adenoma 
Carcinoma 
Pheochromocy  toma 
Stomach 
Leiomyoma 
Pancreas 

Islet  Cell  Adenoma 
Testis 

Interstitial  Cell  Tumor 
Zymbals  Gland 

Squamous  Cell  Carcinoma 
Preputial  Gland 
Adenocarcinoma 
Parathyroid 
Adenoma 

Multiple  Organ 
Mesothelioma 
Malignant  Lymphoma 
Bronchial  Mucous  Gland 
Adenoma 

Histiocytic  Leukemia 


Control 

400  ppm 

2000  ppm 

0/51 

1/55 

3/52 

3/53 

4/55 

0/52 

0/53 

1/55 

0/52 

1/53 

0/55 

0/52 

0/53 

1/55 

1/52 

0/46 

0/47 

2/52 

1/53 

0/55 

0/52 

0/54 

1/55 

0/52 

1/53 

0/55 

0/52 

0/53 

0/55 

0/52 

17/51 

11/54 

16/48 

2/51 

1/54 

0/48 

1/51 

0/54 

0/48 

4/52 

5/54 

5/51 

0/52 

1/54 

2/51 

0/54 

0/55 

1/52 

0/54 

1/55 

0/52 

1/54 

1/55 

5/52 

0/54 

1/55 

0/52 

3/54 

0/55 

2/52 

0/53 

0/54 

1/52 

1/53 

1/54 

1/51 

49/54 

49/55 

50/52 

0/54 

0/55 

1/52 

0/54 

0/55 

1/52 

1/54 

0/55 

0/52 

1/54 

1/55 

1/52 

1/54 

2/55 

0/52 

0/54 

1/55 

0/52 

0/54 

3/55 

2/52 

a 


Number  observed/Number  examined 


TABLE  11.  NEOPLASTIC  LESIONS4  SEEN  IN  FEMALE  RATS  HELD  FOR 
POSTEXPOSURE  OBSERVATION  AFTER  12-MONTH  INTERMITTENT 
INHALATION  EXPOSURE  TO  METHYLCYCLOHEXANE 


Skin 

Keratoacant homa 
Fibroma 

Trichoepithelioma 

Fibroadenoma 

Adenoma 

Sarcoma,  Undifferentiated 
Sarcoma 

Mammary  Gland  Fibroadenoma 
Lungs 

Alveolar/Bronchiolar  Carcinoma 
Os  teosarcoma 
Sarcoma 
Pituitary 
Adenoma 
Carcinoma 
Thyroid 
Adenoma 
Carcinoma 
Parathyroid 
Adenoma 

Mediastinal  Lymph  Node 
C-Cell  Carcinoma 
Adrenals 
Adenoma 

Adenocarcinoma 

Pancreas 

Adenocarcinoma 

Uterus 

Endometrial  Stromal  Polyp 
Adenocarcinoma 
Leiomyosarcoma 
Urinary  P^adder 
Adenocarcinoma 
Brain 

Astrocy  toma 
Clitoral  Gland 
Adenoma 

Abdominal  Cavity 
Lipoma 

Adenocarcinoma 
Mesothelioma 
Myxosarcoma 
Circulatory  System 
Histiocytic  Leukemia 
Malignant  Lymphoma 


Control  400  ppm  2000  ppm 


0/49 

0/54 

2/51 

1/52 

0/51 

3/51 

1/52 

0/51 

0/51 

1/52 

3/51 

3/51 

1/52 

0/51 

0/51 

0/52 

1/51 

0/51 

0/52 

1/51 

0/51 

0/47 

4/50 

6/48 

0/52 

1/54 

0/54 

0/52 

0/54 

1/54 

0/52 

1/54 

0/54 

11/50 

16/50 

17/54 

3/50 

4/50 

5/54 

1/52 

1/52 

2/51 

2/52 

3/52 

1/51 

0/31 

1/40 

0/35 

0/52 

1/54 

0/54 

0/52 

1/53 

1/54 

1/52 

0/53 

0/54 

1/51 

0/54 

0/50 

7/52 

4/54 

0/52 

3/52 

0/54 

0/52 

0/52 

1/54 

0/52 

1/45 

0/53 

0/51 

0/52 

1/54 

0/53 

2/52 

0/54 

0/53 

1/52 

0/54 

1/53 

1/52 

0/54 

3/53 

0/52 

1/54 

0/53 

0/52 

0/54 

1/53 

2/52 

2/54 

5/53 

1/52 

0/54 

0/53 

a 


Number  observed/Number  examined 


TABLE  12.  SELECTED  NON-NEOPLASTIC  LESIONSa  SEEN  IN  FEMALE  MICE 
HELD  FOR  POSTEXPOSURE  OBSERVATION  AFTER  12-MONTH  INTERMITTENT 
INHALATION  EXPOSURE  TO  METHYLCYCLCHEXAN E 


Control 

400  ppm 

2000  ppm 

Lungs 

Alveolar  Crystals 
Alveolar  Macrophages 
Perivascular  Cuffing 
Lymphoid  Hyperplasia 

24/170 

31/170 

20/170 

20/170 

8/158 

17/158 

25/158 

23/158 

6/155 

9/155 

19/155 

25/155 

Spleen 

Hematopoiesis 

22/164 

34/150 

23/154 

Liver 

Fatty  Change 
Hematopoiesis 

36/171 

20/171 

14/159 

20/159 

16/155 

24/155 

Duodenum 

Mesentery  Strangulation 

19/167 

7/150 

10/151 

Kidney 

Hydronephrosis 
Perivascular  Cuffing 

10/171 

13/171 

13/159 

14/159 

7/155 

8/155 

Uterus 

Multiple  Cysts 
Endometrial  Dilatation 

10/164 

30/164 

22/158 

38/158 

23/152 

29/152 

Ovaries 

Cysts 

Hemorrhagic  Cysts 

19/149 

12/149 

20/155 

14/155 

24/135 

12/135 

Mammary  Gland 

Cystic  Hyperplasia 

26/145 

10/118 

12/119 

Thyroid  Gland 

Papillary  Hyperplasia 

79/164 

39/151 

44/145 

a  Number  observed/Number  examined. 


Discussion 

The  only  significant  toxic  effect  of  chronic  exposure  to 
inhaled  methylcyc lohexane  found  was  renal  change  in  male  rats. 

The  exposure  related  renal  injury  was  not  seen  in  female  rats, 
female  mice,  male  hamsters,  or  in  either  sex  of  beagle  dog.  Only 
male  rats  exposed  to  2000  ppm  MCH  had  significantly  greater  in¬ 
cidence  of  renal  tubular  dilation  at  exposure  termination,  and 
progression  of  renal  pathology  to  papillary  hyperplasia  and 
medullary  mineralization  occurred  only  in  the  group  exposed  to 
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TABLE  13.  NEOPLASTIC  LESIONSa  SEEN  IN  FEMALE  MICE  HELD  FOR 
POSTEXPOSURE  OBSERVATION  AFTER  12-MONTH  INTERMITTENT 
INHALATION  EXPOSURE  TO  METHYLCYCLOHEXANE 


Control  400  ppm 


Ski n/Subcutaneous 
Keratoacanthoma 
Fibroma 
Lung 

A1 veolar/Bronchiolar  Adenoma 
Alveolar/Bronchiolar  Carcinoma 
Lymph  Node 

Hemangiosarcoma 

Heart 

Card  noma 
Liver 

Hepatocellular  Adenoma 
Hemangiosarcoma 
Duodenum 
Papilloma 
Papillary  Adenoma 
Uterus 
Neoplasm 
Leiomyosarcoma 
Ovaries 
Adenoma 

Tubular  Adenoma 
Pituitary 
Adenoma 
Carcinoma 
Adenocarcinoma 
Adrenal 
Adenoma 
Thyroid 
Adenoma 

Follicular-Cell  Adenoma 
Lacrimal  Gland 
Adenoma 
Bone 

Osteosarcoma 
Circulatory  System 
Malignant  Lymphoma 
Leukemia 


0/167 

1/167 

0/154 

0/154 

4/170 

3/170 

6/158 

1/158 

1/166 

0/150 

1/170 

0/158 

0/171 

0/171 

1/152 

0/152 

1/167 

1/167 

0/150 

1/150 

1/164 

0/164 

0/158 

1/158 

1/149 

1/149 

0/155 

1/155 

72/142 

4/142 

5/142 

40/142 

0/142 

0/142 

0/170 

0/158 

0/164 

2/164 

1/151 

1/151 

0/171 

1/162 

0/162 

1/159 

45/171 

0/171 

44/162 

0/162 

a  Number  observed/Number  examined. 


2000  ppm 


1/150 

0/150 

0/155 

3/155 

0/146 

0/155 

0/152 

1/152 

0/151 

0/151 

1/152 

1/152 

0/135 

4/135 

44/118 
0/118 
2/1  18 

1/149 

0/145 

1/145 

0/155 

0/151 

56/155 

1/155 
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TABLE  14.  SELECTED  NON-NEOPLASTIC  LESIONSa  SEEN  IN  MALE 
HAMSTERS  HELD  FOR  POSTEXPOSURE  OBSERVATION  AFTER  12-MONTH 
INTERMITTENT  INHALATION  EXPOSURE  TO  METHYLCYCLOHEXANE 


Control 

400  ppm 

2000  ppm 

Kidney 

Cortical  Fibrosis 

4/75 

12/76 

10/81 

Mineralization: 

Collecting  Tubules 

26/75 

19/76 

24/81 

Convoluted  Tubules 

14/75 

10/76 

8/81 

Renal  Pelvis 

10/75 

0/76 

6/81 

Dilatation: 

Convoluted  Tubules 

17/75 

16/76 

17/81 

Test  is 

At  rophy 

4/76 

3/76 

2/81 

Aspermatogenesis 

3/76 

4/76 

5/81 

Adrenal  Gland 

Cortical  Hyperplasia 

35/75 

30/76 

29/80 

a  Number  observed/Number  examined. 


the  higher  level.  These  findings  are  consistent  with  those  pro¬ 
duced  by  other  paraffinic,  cycloparaf f inic,  and  alkylaromatic 
hydrocarbons.  This  syndrome  now  referred  to  as  hydrocarbon 
nephropathy,  is  characterized  by  an  increase  in  the  incidence  of 
hyalin  droplets  and  of  regenerative  tubular  epithelia  in  the 
cortex.  In  its  most  severe  form  the  tubules  at  the  cortico- 
medullary  junction  become  dilated  and  filled  with  proteinaceous 
debris  with  some  necrosis. 

The  incidence  and  severity  of  the  hydrocarbon  nephropathy 
seen  after  chronic  MCH  inhalation  exposure  was  much  less  than 
that  reported  for  gasoline  (MacFarland,  1983),  decalin  (Gaworski 
et  al..  1979b),  and  for  Petroleum  and  Shale  derived  JP-5  fuels 
(Gawcrski  et  al.,  1984)  even  though  ' 'fposure  levels  were  greater 
with  MCH.  Moreover,  these  previous  studies  had  not  shown  any 
level  of  hydrocarbon  exposure  that  o.d  not  cause  kidney  pathol¬ 
ogy.  In  this  study,  400  ppm  MCH  had  no  pathologic  effects  on 
male  rat  kidney  that  could  be  distinguished  from  controls. 


TABLE  15.  NEOPLASTIC  LESIONSa  SEEN  IN  MALE  HAMSTERS  HELD  FOR 
POSTEXPOSURE  OBSERVATION  AFTER  12-MONTH  INTERMITTENT  INHALATION 

EXPOSURE  TO  METHYLCYCLOHEXANE 


Ski n/ Subcutaneous 

Fibroma 

Control 

0/74 

400  ppm 

0/76 

2000  ppm 

1/80 

Trachea 

Adenoma 

0/72 

0/75 

2/79 

Spleen 

Hemangiosarcorna 

0/71 

1/75 

1/78 

Lymph  Node 

Neoplasm 

1/73 

0/74 

0/78 

Liver 

Carcinoma 

Islet-Cell  Carcinoma,  Metastatic 
Hepatocellular  Carcinoma 
Hemangiosarcorna 

Angioma 

0/74 

0/74 

0/74 

0/74 

0/74 

0/77 

1/77 

1/77 

1/77 

1/77 

1/80 

0/80 

0/80 

1/80 

0/80 

Pancreas 

Islet-Cell  Carcinoma 

0/63 

1/72 

1/75 

Duodenum 

Undifferentiated  Sarcoma 

0/71 

0/76 

1/79 

Kidneys 

Renal-Cell  Carcinoma 

0/75 

1/76 

0/81 

Adrenal  Gland 

Carcinoma 

Adenoma 

Adenocarcinoma 

Pheochromocy toma 

2/75 

18/75 

1/75 

0/75 

3/76 

21/76 

0/76 

1/76 

7/80 

12/80 

0/80 

0/80 

Thyroid 

C-Cell  Adenoma 

C-Cell  Carcinoma 

0/71 

2/71 

0/67 

1/67 

1/71 

0/71 

Parathyroid 

Adenoma 

1/45 

0/43 

1/47 

Multiple  Organs 

Carcinoma 

Sarcoma 

Malignant  Lymphoma 

Myelogenous  Leukemia 

0/76 

0/76 

2/76 

0/76 

0/77 

0/77 

5/77 

1/77 

1/82 

1/82 

4/82 

0/82 

a  Number  observed/Number  examined. 


•VA  V,  ■ 
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TABLE  16.  SELECTED  NON-NEOPLASTIC  LESIONSa  SEEN  IN  BEAGLE  DOGS 
HELD  FOK  POSTEXPOSURE  OBSERVATION  AFTER  12-MONTH  INTERMITTENT 
INHALATION  EXPOSURE  TO  METHYLCYCLOHEXANE 


Follicular  Hyperplasia 

2/8 

0/8 

3/8 

Inflammation,  Chronic 

2/8 

1/8 

i/a 

Ga  1 1  bladder 

Microcystic  Degeneration 

2/8 

3/8 

3/8 

Nodule  2/8  1/8  4/8 

a  Number  observed/Number  examined. 


Conclusions 

Under  the  conditions  of  this  inhalation  study,  exposure  to 
2000  ppm  methylcyclohexane  (8000  mg/m3)  produced  no  tumors. 
Similar  exposure  to  inhaled  JP-10  (MacEwen  and  Vernot ,  1983)  was 
shown  to  produce  severe  hydrocarbon  nephropathy  and  renal  carci¬ 
noma  in  18?.  of  the  male  Fischer  344  rats  held  1-year  postexposure 
after  12  months  inhalation  exposure  to  100  ppm  JP-10  (tricyclo- 
decane)  .  Inhalation  exposure  to  2000  ppm  gasoline  also  produced 
renal  carcinomas  (Kitchen,  1983)  in  Fischer  344  rats. 

The  results  of  this  study  indicate  no  increase  in  tumor 
formation  in  exposed  animals  when  compared  to  their  untreated 
controls.  The  tumors  seen  in  all  groups  were  those  common  to  the 
species. 

The  results  of  this  study  support  the  selection  and  safety 
of  the  cur *ent  TLV  of  400  ppm  for  methylcyclohexane. 


EVALUATION  OF  THE  90-DAY  INHALATION  TOXICITY  OF  PETROLEUM 
AND  OIL  SHALB  DIESEL  FUEL  MARINE  (DFM) 

A  90-day  conti tous  inhalation  toxicity  study  of  diesel  fuel 
marine  (DFM)  vapor  was  conducted  by  the  Toxic  Hazards  Research 
Unit  (THRU).  Samples  of  DFM  derived  from  petroleum  as  well  as 
oil  shale  -ources  were  tested  to  determine  if  the  two  fuels  pre¬ 
sented  difl  rent  health  hazards.  Petroleum  DFM  has  been  used  by 
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the  U.  S.  Navy  as  the  fleet  standard  fuel  for  a  variety  of  ships. 
Oil  shale  DFM  was  developed  as  a  possible  replacement  fuel. 


As  part  of  the  overall  evaluation  of  the  oil  shale  fuels,  it 
is  desirable  to  assess  the  toxicity  associated  with  typical  use 
exposure.  Data  of  this  type  allows  for  a  comparison  of  the  haz¬ 
ards  of  shale  and  petroleum  derived  fuels  and  is  valuable  in 
establishing  proper  workplace  procedures  and  controls.  Since 
inhalation  will  be  the  primary  route  of  exposure  for  personnel 
working  with  DFM,  inhalation  exposures  were  conducted  to  compare 
the  effects  at  potential  exposure  levels.  A  90-day  continuous 
inhalation  exposure  period  was  chosen  to  simulate  conditions 
where  Naval  personnel  may  be  exposed  during  a  cruise  situation. 
While  this  type  of  exposure  is  less  traditional  than  a  6 
hour/day,  5  day/week  regimen,  it  does  create  a  maximum  exposure 
situation  and  increases  the  probability  of  observing  exposure 
related  effects. 

DFM  is  typically  a  mixture  of  branched  and  cyclic  hydrocar¬ 
bons.  The  fuel  contains  a  small  amount  of  benzene  which  was 
considered  to  be  a  constituent  of  major  toxicological  interest. 
The  reported  effects  of  benzene  exposure  involve  blood  disorders 
with  reductions  in  the  number  of  erythrocytes,  leukocytes,  and 
platelets  being  found  in  humans  after  long-term  exposure  to  ben¬ 
zene  at  high  concentrations  (Greenberg  et  al.,  1939;  Hardy  and 
Flkins,  1948;  Aksoy  et  al. ,  1972). 

A  number  of  recent  investigations  with  hydrocarbon  fuels 
have  shown  that  exposed  male  Fischer  344  rats  often  develop 
hyaline  droplets  and  necrosis  of  the  proximal  tubular  epithelium 
(Gaworski  et  al. ,  1985;  MacNaughton  and  Uddin,  1984;  Parker  et 
al.,  1981).  MacFarland  et  al.  (1984)  found  similar  kidney 
lesions  in  male  rats  exposed  to  unleaded  gasoline.  In  addition, 
renal  neoplasia  developed  in  the  male  rats  exposed  to  unleaded 
gasoline. 


METHODS 


Test  Material 

DFM  is  described  in  military  specification  MIL-F-16884G 
(7  March  1973),  from  which  the  properties  shown  in  Table  17  were 
selected.  Petroleum  and  Shale  DFM  were  supplied  to  the  THRU  by 
the  Naval  Medical  Research  Institute/Toxicology  Detachment 
(NMRI/TD)  in  clean  55-gallon  drums.  The  Petroleum  DFM  was  ob¬ 
tained  from  stock  supplies.  The  Shale  DFM  was  refined  from 
Paraho  crude  oil  by  the  Sohio  refinery  in  Toledo,  Ohio,  and 
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designated  by  Sohio  as  FIN-DFM.  The  Shale  DFM  was  shipped  via 
rail  tank  car  to  the  Naval  Toxicology  Detachment  at  Wright- 
Patterson  Air  Force  Base  where  it  was  transferred  to  clean  drums. 


TABLE  17.  PHYSICAL  CHEMICAL  SPECIFICATIONS  (MIL  SPECS) 

FOR  DIESEL  FUEL  MARINE 

Appearance : 

Distillation  Temperature  (°C) 

Initial  Boiling  Point: 

90%  Recovery: 

End  Point,  Maximum  Temperature: 

Sulfur,  Total  Weight,  %  Maximum: 

Flashpoint,  °C,  Minimum: 

Pour  Point  °C,  Maximum: 

Viscosity  at.  100°F,  Kinematic,  Centistokes: 

DFU  Generation  and  Monitoring 

The  petroleum  and  oil  shale  studies  were  both  conducted  in  a 
similar  manner.  The  basic  design  for  the  DFM  generation  system 
was  adapted  from  previous  studies  of  hydrocarbon  fuels.  Since 
DFM  is  a  multicomponent  material  with  a  wide  boiling  range,  it 
was  necessary  to  design  a  closely  controlled  generation  system  to 
produce  a  well  defined  vapor.  To  reduce  potential  fire  hazard, 
an  overheat  alarm  with  a  fuel  shut-off  capability  was  incorpo¬ 
rated  into  the  generation  apparatus. 

Three  solvent  evaporator  towers  were  used  to  generate  suf¬ 
ficient  Petroleum  DFM  vapor  for  the  assigned  chamber  concentra¬ 
tions.  Two  of  the  evaporator  tower  outputs  were  mixed  and  split 
between  the  2  exposure  chambers.  The  output  of  the  third  tower 
went  directly  into  the  higher  concentration  chamber.  Operating 
conditions  of  the  evaporator  towers  were  identically  maintained 
to  assure  similarity  in  the  DFM  vapor  constituents  within  the 
chambers . 

A  Beckman  Model  #4 00  hydrocarbon  analyzer  was  used  for  mass 
analysis.  Chamber  concentrations  were  analyzed  using  a  single 
analyzer  by  dilution  of  the  higher  DFM  concentration  chamber 
sample  to  a  similar  concentration  as  the  low  concentration  using 
input  chamber  air  for  diluent  and  as  the  source  of  baseline  air. 

Since  the  hydrocarbon  analyzer  response  was  directly  related 
to  the  total  carbon  content  of  the  sample,  standardization  was 
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possible  using  a  reliable  defined  system.  Various  concentrations 
of  instrument  grade  propane  (99+  %  as  C3)  diluted  in  100  L  mylar 
bags  served  as  standards.  Instrumental  response  was  determined 
to  be  linear  and  stable  for  prolonged  periods  of  time,  provided 
the  instrumental  parameters  were  strictly  maintained.  Twenty- 
four  hourly  mean  readings  were  used  for  daily  concentration 
determinations. 

In  the  Petroleum  DFM  study  a  Varian  1200  gas  chromatograph 
(GC)  equipped  with  a  FID  detector  and  a  Spectra  Physics  Model  I 
computing  integrator  was  used  for  quality  control  checks  of  each 
drum  of  fuel  prior  to  use,  for  spent  fuel,  and  for  generation 
system  operation  checks  and  also  chamber  atmosphere  fingerprint 
analysis. 

A  Royco  225  particle  counter  was  used  on  a  daily  basis  to 
monitor  any  condensate  aerosol  formed  by  components  of  the  DFM 
generated  into  the  chambers. 


Animals 

Young,  adult  purebred  beagle  dogs  were  selected  from  a  col¬ 
ony  maintained  by  the  Air  Force  at  Wright-Patterson  Air  Force 
Base.  CDF  (Fischer  344)/Crl/BR  rats  (9-11  weeks  old)  were  pur¬ 
chased  from  Charles  River  Breeding  Laboratories  (Wilmington, 
Massachusetts).  C57BL/6  mice  (9-11  weeks  old)  were  purchased 
from  Jackson  Laboratories  (Bar  Harbor,  Maine).  Test  animals  were 
gang-caged  by  species  in  stainless  steel,  wire-mesh  cages  during 
exposure.  Animals  had  access  to  food  (Purina,  St.  Louis, 
Missouri)  and  water  ad  libitum.  All  cage  areas  were  cleaned 
daily  during  which  time  food  remaining  in  the  feeders  was  dis¬ 
carded  and  replaced  with  a  fresh  supply. 


Exposure  Couditions 

Groups  of  3  male  and  3  female  dogs,  150  male  and  150  female 
rats,  and  150  female  mice  were  exposed  via  inhalation  to  50  mg/m3 
or  300  mg/m3  Petroleum  or  Shale  DFM  vapor  continuously  for  a 
period  of  90  days.  Exposures  were  conducted  in  25  m3  inhalation 
chambers  on  a  24-hour  basis  and  personnel  servicing  the  chambers 
during  the  exposure  were  provided  with  respiratory  protection  and 
disposable  protective  clothing.  Control  groups  were  maintained 
in  Bioclean*  laminar  air  flow  rooms  in  a  separate  facility.  The 
airflow,  pressure,  relative  humidity,  and  temperature  of  each 
chamber  were  monitored  and  recorded  hourly.  Relative  humidity 
was  maintained  at  50%  +  10%  and  the  temperature  at  22°C  +  2. 


Because  of  space  limitations,  male  mice  were  not  included  in  the 
exposure . 

Upon  termination  of  the  90-day  exposure  period,  all  of  the 
dogs  and  1/3  of  the  rodents  from  each  group  were  killed  for  de¬ 
tection  of  pathologic  lesions  caused  by  exposure.  The  remaining 
rodents  were  held  for  long-term  postexposure  observation.  An 
interim  sacrifice  was  conducted  at  19  months  postexposure  with  a 
final  sacrifice  during  the  24th  month  of  the  study. 

All  animals  were  carefully  observed  throughout  the  exposure 
and  postexposure  periods  for  signs  of  altered  physical  condi¬ 
tion.  Rats  and  dogs  were  weighed  individually  at  biweekly  in¬ 
tervals  during  exposure,  and  rats  were  weighed  monthly  during  the 
postexposure  period.  Mice  were  weighed  monthly  throughout  the 
study,  and  the  group  mean  weights  were  monitored.  All  animals 
that  died  or  were  killed  were  necropsied  and  approximately  38 
tissues  were  taken  for  histopathologic  examination.  Dog  red 
blood  cell  osmotic  fragility  tests  were  conducted  at  exposure 
termination.  The  liver,  spleen,  an  i  kidneys  of  individual  dogs 
and  rats  were  weighed  at  exposure  termination  and  19  months  post¬ 
exposure.  At  the  conclusion  of  the  Shale  DFM  study  kidney  tissue 
from  three  male  rats  in  each  group  was  fixed  by  vascular  per¬ 
fusion  with  2.5%  glu taraldehyde  and  2%  paraformaldehyde  buffered 
with  0.1  M  cacodylate  at  pH  7.4.  Thin  sections  were  then  pre¬ 
pared  for  Transmission  Electron  Microscopic  examination.  Blood 
samples  were  drawn  from  fasted  dogs  biweekly  and  from  fasted  rats 
at  exposure  termination  and  interim  necropsy  for  hematology  and 
clinical  chemistry  tests:  hematocrit  (HCT),  hemoglobin  (HGB) , 
red  blood  cell  (RBC)  count,  white  blood  cell  (WBC)  count, 
differentials,  albumin,  alkaline  phosphatase,  bilirubin,  blood 
urea  nitrogen  (BUN),  calcium,  creatinine,  glucose,  potassium, 
glutamic-oxaloacetic  transaminase  (SGOT),  glutamic-pyruvic 
transaminase  (SGPT),  sodium,  and  total  protein. 


Data  Analysis 

Body  weights,  blood  test  results,  and  organ  weij  its  were 
analyzed  by  an  independent  t-test,  and  a  Fisher  exact  test  was 
used  to  analyze  the  incidence  of  histopathologic  lesions  (Zar, 
1974). 
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RESULTS 


Exposure  concentrations  presented  to  the  animals  were  well 
controlled  throughout  both  studies  with  hourly  mean  values  within 
10%  of  the  target  values. 

Analysis  for  condensate  aerosol  in  the  exposure  chambers 
indicated  negligible  aerosol  formation  in  either  the  Petroleum  or 
Shale  DFM  study. 


Dogs 

Dogs  exposed  to  either  Petroleum  or  Sh;.le  DFM  were  generally 
heavier  than  unexposed  controls.  Despite  this  weight  difference, 
body  weights  were  well  within  normal  limits  and  the  apparent 
effect  was  considered  incidental.  No  mortalities  occurred  in 
dogs  exposed  to  DFM. 

Examination  of  the  RBC  osmotic  fragility  of  dogs  exposed  to 
Petroleum  DFM  for  90  days  inuicated  a  non-dose  related  increase. 
Osmotic  fragility  curves  for  dogs  exposed  to  Shale  DFM  for  90 
days  were  not  different  from  controls.  The  trend  toward  in¬ 
creased  RBC  fragility  in  dogs  exposed  to  Petroleum  DFM  was  not 
accompanied  by  any  abnormal  changes  in  other  erythrocyte  param¬ 
eters  that  were  periodically  measured  throughout  the  exposure. 

The  only  serum  chemistry  parameter  that  demonstrated  any 
consistent  trend  occurred  in  dogs  exposed  to  Shale  DFM,  where  a 
slight  but  statistically  significant  increase  in  BUN  was  seen 
(Table  18) .  The  elevated  BUN  in  dogs  exposed  to  the  Shale  DFM 
was  clearly  not  dose  related,  however. 


TABLE  18.  EFFECT  OF  ^FM  EXPOSURE  ON  DOG  SERUM  BUN  LEVELS  (  IU/L)a 


Time  (wk) 


Petroleum  DFM  rat lona  (mg/m3) 

0  5  '  300 


0 

14.3 

+ 

1.4 

15.7 

± 

1.0 

16.1 

± 

1.5 

17.7 

± 

2.0 

14.2 

± 

1.0b 

15.0 

± 

0.6 

2 

12.5 

± 

1.0 

19.5 

± 

2.0° 

16.6 

± 

1.2° 

11.8 

± 

0.6 

13.7 

± 

0.8 

14.8 

± 

1.3 

4 

13.6 

± 

1.0 

14.0 

± 

1.2 

14.4 

± 

1.0 

10.5 

± 

1.4 

18.9 

± 

1 . 9C 

16.8 

± 

l.lc 

6 

14.3 

± 

1.1 

14.9 

t 

1 .6 

15.6 

± 

0.8 

12.0 

± 

0.6 

17.5 

± 

2.0° 

17.6 

± 

1.0° 

8 

14.2 

± 

0.8 

15.6 

t 

1.8 

13.9 

+ 

0.4 

12.2 

± 

0.6 

16.5 

t 

0.9C 

17.5 

± 

1.1« 

10 

13.2 

± 

1.1 

16.3 

t 

1.6b 

16.6 

± 

1.0° 

15.7 

t 

1.0 

19.1 

i 

2.0 

20.6 

± 

3.0C 

12 

14.3 

± 

1.0 

15.6 

t 

2.8 

15.6 

t 

1.3 

13.3 

i 

0.4 

20.3 

± 

2.5C 

17.9 

± 

1.8C 

a  Mean  ±  SE,  N  -  5  or  6  samples/group. 
b  Different  from  control,  p  <  0.05. 
c  Different  from  control,  p  <  0.01. 


Cytoplasmic  vacuolization  of  hepatocytes  occurred  with 
slightly  increased  frequency  in  dogs  exposed  to  Petroleum  DFM 
(control  -  2  of  6 ;  50  mg/m3  -  4  of  6 ,  300  mg/m3  -  5  of  6).  This 
lesion  was  interpreted  as  an  accumulation  by  hepatocytes  of  ex¬ 
cessive  glycogen.  All  other  remaining  lesions  noted  in  the  dogs 
exposed  to  Petroleum  DFM  were  considered  incidental  findings  un¬ 
related  to  exposure.  No  significant  exposure  or  dose  related 
lesions  were  observed  in  dogs  exposed  to  Shale  DFM. 


Mice 


The  mean  survival  time  of  mice  exposed  to  Shale  DFM  was  less 
than  the  control  group.  The  death  rate  in  mice  exposed  to  DFM 
increased  after  9  to  10  months  on  study.  Most  of  the  deaths 
resulted  from  necrotic  dermatitis.  No  significant  differences 
were  noted  in  mice  exposed  to  petroleum  DFM  when  compared  to 
their  control  group.  In  this  study  the  frequency  of  dermatitis 
was  less. 

No  body  weight  effects  were  seen  in  mice  exposed  to  either 
Petroleum  or  Shale  DFM. 

Pulmonary  inflammatory  changes  consisting  predominantly  of 
mild  peribronchiolar  and  perivascular  mononuclear  infiltrates 
were  observed  in  the  majority  of  the  mice  examined  at  completion 
of  the  90-day  exposure  to  Shale  DFM  (Table  19).  Mice  exposed  to 
Petroleum  DFM  did  not  show  these  inflammatory  changes  in  the 
respiratory  tract.  Liver  inflammatory  changes  consisting  of 
multifocal  accumulations  of  chronic  inflammatory  cells  were  noted 
in  all  groups.  These  lesions  were  mild,  invariably  small, 
involving  only  a  few  hepatocytes  and  not.  seen  with  other 
manifestations  of  liver  disease.  Hepatocellular  vacuolization/ 
fatty  change  was  noted  more  frequently  in  mice  exposed  to  Shale 
DFM  when  compared  to  their  control  group.  The  distribution  of 
the  vacuolization  was  centrilobular  in  controls,  but  panlobular 
in  Shale  DFM  exposed  mice.  The  severity  of  the  change  was  also 
considered  to  be  greater  in  the  exposed  mice.  Mice  exposed  to 
Petroleum  DFM  did  not  exhibit  any  increase  in  liver  cell  vacuoli¬ 
zation  or  fatty  change. 


TABLE  19.  HISTOPATHOLOGIC  LESIONS1  IN  MICE  AT  TERMINATION  OF 
90-DAY  CONTINUOUS  INHALATION  EXPOSURE  TO  DFM 


Lung 

In  f lamma  tory 
Changes 

Liver 

Inflammation  12/45(27)  15/43(35)  25/42(60)b  14/51(27)  23/49(4?)b  9/48(19) 

Vacuolization/  .  . 

Fatty  Change  12/45(27)  l/43(2)b  4/42(10)  18/51(35)  46/49(94)b  41/48(85)° 


a  Number  observed/Number  examined  (1). 
b  Different  from  control,  p  <  0.01. 


The  vast  majority  of  the  pathologic  lesions  observed  in  mice 
held  for  the  postexposure  period  were  common  changes  attributable 
to  aging  processes.  Most  of  these  lesions  were  equally  distri¬ 
buted  among  the  exposed  and  non-exposed  groups  in  both  studies. 
Table  20  presents  a  list  of  the  major  changes  noted  in  mice. 

Many  of  the  common  aging  changes  as  well  as  lesions  occurring 
with  low  incidence  are  not  shown.  There  was  an  increased  inci¬ 
dence  of  acute  and  chronic  inflammation  of  the  skin  in  mice  ex¬ 
posed  to  DFM.  These  were  generally  regarded  as  common  changes 
which  in  some  cases  were  acquired  by  fighting  among  cagemates, 
although  the  pathogenesis  in  most  instances  was  unclear.  Second¬ 
ary  changes  related  to  the  dermatitis  were  bone  marrow  hyper¬ 
plasia  and  splenic  hematopoiesis. 

Hyaline  degeneration  of  the  respiratory  epithelium  and  crys¬ 
tal  deposition  are  frequently  observed  in  C57BL/6  mice  used  in 
this  laboratory,  and  the  causes  of  both  are  poorly  understood. 

In  some  instances  these  entities  observed  in  mice  exposed  to 
Shale  DFM  appeared  to  be  related,  in  that  crystals  were  observed 
arising  from  hyalinized  respiratory  epithelium.  No  significant 
lung  tumors  were  noted  in  either  study. 

Liver  cell  vacuolization  and  fatty  change,  which  had  been 
increased  in  mice  at  termination  of  exposure  to  Shale  DFM,  was 
found  with  equal  frequency  in  controls  and  exposed  groups  exam¬ 
ined  postexposure.  Liver  inflammation  was  increased  at  exposure 
termination  in  mice  exposed  to  Petroleum  DFM.  This  was  not  diag¬ 
nosed  in  mice  held  for  postexposure  observation.  The  distribu¬ 
tion  of  liver  inflammation  in  mice  from  the  Shale  DFM  study 
clearly  demonstrates  that  DFM  was  not  the  causative  agent.  There 
was  no  significant  increase  in  liver  tumors  in  mice  exposed  to 
DFM. 


Petroleum  DFM  Concentration  (mg/m*) 
0  50 _  300 


Shale  DFM  Concentration  (mn/m3) 
0  50 _  300 


5/46(11)  9/43(21)  0/42(0)  12/49(241  34/49(69)b  38/48(79)b 


TABLE  20.  HISTOPATHOLOGIC  LESIONS*  IN  MICE  HELD 
FOR  POSTEXPOSURE  OBSERVATION  AFTER  90-DAY 
CONTINUOUS  INHALATION  EXPOSURE  TO  DFM 


Petroleum  DFM  Concentration  (ng/ m3)  Shale  DFM  Conr.en  t  ratt  on  (ng/m1) 


Tissue 

0 

50 

300 

0 

50 

300 

Skin 

Inti  fimma  t  ton 

1 5 / 8  7 ( 17) 

20/88(23) 

24/91(26) 

30/96(31) 

41/97(42) 

45/99(45) 

Bone  Marrow 

Hy perp 1  as l a 

Fibrosis 

3/82(4) 

3/82(4) 

4/87(5) 

5/87(6) 

9/ 8  3  (  11) 
6/83(7) 

17/90( 19) 
1/90(1) 

30/86(35)b 

0/86(0) 

31/92(34)h 
l/92( 1 ) 

Respiratory 

Nose  - 

Hyaline  degeneration 
Crystals 

0/92(0) 
l/92(  1) 

0/87(0) 

0/87(0) 

0/92(0) 

0/92(0) 

23/96(24) 

25/96(26) 

17/97( 18) 
19/97(19) 

13/98( 13) 

1  1/98(1  l)c 

Lung  - 
Crystals 

Alveolar  adenoma 
Alveolar  carcinoma 

19/91(21) 

4/91(4) 

0/91(0) 

22/90(24) 

4/90(4) 

0/90(0). 

13/94(14) 

3/94(3) 

2/90(2) 

19/98( 19) 
5/98(5) 
1/98(1) 

ll/94( 12) 
1/94(1) 
1/94(1) 

3/98(3)c 

4/98(4) 

1/98(1) 

Liver 

Vacuol i za t  Ion/ 

Fatty  change 

Adenoma 

Care i noma 

Inflammation 

3/93(3) 

4/93(4) 

1/93(1) 

0/93(0) 

2/91(2) 

6/91(7) 

3/91(3) 

0/91(0) 

6/94(6) 

9/94(10) 

0/94(0) 

0/94(0) 

14/97(14) 

1/97(1) 

0/97(0) 

41/91(45) 

12/98( 12) 
2/98(2) 
0/98(0) 
17/98(17)° 

16/97 ( 16) 
0/97(0) 
0/97(0) 
19/97(20)c 

Urinary 

Kidney  - 

Hyaline  degeneration 

3/92(3) 

1/91(1) 

0/94(0) 

10/94(11) 

5/94(5) 

2/97(2)b 

Spleen 

Hematopoiesis 

17/91(19) 

28/89(31) 

24/92(26) 

24/95(25) 

34/94(36) 

38/96(40) 

Endocrine 

Pituitary  -  adenoma 

43/71(61) 

38/77(49) 

41/78(53) 

25/81(31) 

28/77(36) 

14/76(18) 

Thyroid  - 

Papillary  hyperplasia 
Adenoma 

40/82(49) 
9/82(1  1) 

38/84(45) 

7/84(8) 

40/82(49) 

4/82(5) 

62/94(66) 

5/94(5) 

51/92(55) 

2/92(2) 

48/96(50) 

4/92(4) 

Lymphoretlcular 
Malignant  lymphoma 

37/93(40) 

26/91(29) 

29/94(31) 

29/98(30) 

29/99(29) 

22/99(22) 

a  Number  observed/Number  examined  (5). 
b  Different  from  control,  p  <  0.05. 
c  Different  from  control,  p  <  0.01. 


No  evidence  of  substantial  kidney  toxicity  was  observed. 
Renal  tubular  cell  hyaline  degeneration  was  not  a  significant 
finding.  Endocrine  system  tumors  and  malignant  lymphomas  were 
common  in  all  groups,  with  no  relationship  to  DFM  exposure. 


Rats 


Exposure  to  Petroleum  or  Shale  DFIi  did  not  significantly 
alter  survival  time  when  compared  to  respective  controls.  All 
groups  from  either  study  had  mean  survival  times  of  approximately 
22  months. 

Exposure  to  Petroleum  DFM  resulted  in  a  dose  related  de¬ 
crease  in  weight  gain.  This  effect  occurred  during  the  exposure 
phase  and  was  present  throughout  most  of  the  postexposure  obser¬ 
vation  period.  Shale  DFM  exposure  at  300  mg/m3  depressed  male 
rat  growth  in  a  similar  manner,  with  significant  (p  <  0.01)  dif¬ 
ferences  between  this  group  and  the  control  group  evident  during 
the  entire  study.  Exposure  to  50  mg/m3  Shale  DFM  resulted  in 
only  transient  weight  differences  from  the  control  group. 

Female  rats  exposed  to  Petroleum  DFM  demonstrated  reduced 
body  weight  gain  that  became  more  pronounced  during  the  post¬ 
exposure  period.  The  effect  was  not  dose  related,  however. 
Exposure  to  Shale  DFM  did  not  affect  female  rat  body  weight  gain. 

Acute  and  chronic  inflammatory  processes  were  seen  in  the 
nasal  mucosa  of  male  and  female  rats  exposed  to  Petroleum  DFM  for 
90  days  (Table  21).  Lymphoid  hyperplasia  of  the  bronchial 
submucosa  occurred  in  all  groups  in  the  petroleum  study.  The 
incidence  was  slightly  increased  in  exposed  female  rats  compared 
to  controls.  No  significant  lesions  were  noted  in  the  respira¬ 
tory  tract  of  rats  exposed  to  Shale  DFM. 

At  exposure  termination  the  most  striking  lesions  seen  in 
rats  exposed  to  DFM  occurred  in  the  kidneys  of  males  (Table  21). 
Renal  tubular  hyaline  degeneration  was  observed  in  most  Of  the 
male  rats  exposed  to  either  Petroleum  or  Shale  DFM  for  90  days. 
Necrosis  of  the  renal  tubular  epithelial  cells  was  evident  in 
multifocal  regions  of  the  outer  and  middle  cortex  in  virtually 
all  of  the  male  rats  exposed  to  300  mg/m3  DFM,  and  it  was  con¬ 
sidered  to  be  an  irreversible  consequence  of  the  hyaline  degen¬ 
erative  process.  Necrosis  was  not  a  distinctive  feature  of  the 
kidneys  of  male  rats  exposed  to  50  mg/m3  DFM.  Associated  with 
the  necrosis  of  the  tubular  epithelium  was  the  presence  of  mul¬ 
tiple,  markedly  dilated  renal  tubules  at  the  corticomedullary 
junction.  These  dilated  tubules  wers  lined  by  attenuated  squa¬ 
mous  epithelial  cells,  and  were  alwa>  '  impacted  with  eosinophilic 
material  and  detritus  of  necrotic  tubular  segments  of  affected 
tubular  nephrons.  Chronic  inflammation  of  the  renal  cortical 
interstitial  tissue  was  observed  with  increased  frequency  in  the 
male  rats  exposed  to  Shale  DFM  at  300  mg/m3  and  was  often  as¬ 
sociated  with  degenerative  tubular  lesions.  This  inflammatory 


TABLE  21.  HISTOPATHOLOGIC  LESIONS4  IN  RATS  OBSERVED  AT 
TERMINATION  OF  90-DAY  CONTINUOUS  INHALATION  EXPOSURE  TO  DFM 


Male 

Rat  s 

P*'t  rolt'um 

DFM  Concentration  (mg/m1) 

Shale  DFM 

Concentration  (mg/m1) 

0 

50 

300 

0 

50 

300 

Rosp t  rat  ory 

Nftsal  t  n  f  \  ftmmJi  t  ton 
l.unp  - 

0/25(0) 

1/25(4) 

3/25(12) 

5/25(20) 

1/24(4) 

0/ 23( 0 ) b 

Hr  >nrhtal  lymphoid 

hyperplasia 

1 2 / 2  5 ( 48) 

16/25(64) 

13/25(52) 

0/25(0) 

1/23(4) 

0/25(0) 

K  t  dney 

Hyaline  degeneration 

0/25(0) 

1 7/25( 68 )c 

21 /25( 84  )c 

0/26(0) 

23/24(96)c 

23/25(92)c 

Necrosis 

Interstitial  tissue 

0/15(0) 

0/25(0) 

24/25(9C)c 

0/25(0) 

0/24(0) 

25/25(100)c 

t  n  f lamma  t  ion 

6/ 25( 24) 

1/25(4) 

0/25( 0 ) b 

4/25( 16) 

4/24(17) 

21/25( 84)c 

Foma  1 e 

Rats 

Pet  rol eum 

DFM  Ooncen t r&t ton  (mg/m3) 

Shale  DFM 

Concentration  (mg/mJ ) 

0 

SO 

300 

0 

50 

300 

Respi rstory 

Nasal  inflammation 
l.ung  - 

0/25(0) 

8/25( 32)c 

7/25(28)c 

5/22(23) 

0/25(0)b 

1/24(4) 

Hronchlal  lymphoid 

hyperplasia 

7/24(28) 

15/25(60) 

14/25(56) 

0/25(0) 

0/25(0) 

0/25(0) 

K  idney 

Hyaline  degeneration 

0/25(0) 

0/25(0) 

0/25(0) 

0/21(0) 

0/25(0) 

0/24(0) 

Necrosis 

Interstitial  tissue 

0/25(0) 

0/25(0) 

0/25(0) 

0/21(0) 

0/25(0) 

0/24(0) 

inf lamma t ion 

1/25(4) 

0/25(0) 

0/25(0) 

3/21(14) 

0/25(0) 

1/24(4) 

a  Number  observed /Number  examined  (1). 
b  Different  from  control,  p  x  0.05. 
c  Different  from  control,  p  <  0.01. 


process  was  characterized  by  focal  to  multifocal  aggregations  of 
lymphocytes,  plasma  cells,  macrophages,  and  occasionally  accompa¬ 
nied  by  the  early  deposition  of  fibrous  connective  tissue. 

Transmission  electron  microscopic  examination  of  the  kidney 
of  male  rats  in  the  Shale  DFM  study  revealed  cytotoxic  altera¬ 
tions  in  the  proximal  tubular  cells  attached  to  the  basal  lamina. 
The  most  striking  feature  was  the  presence  of  large  numbers  of 
variably  sized,  angulated,  membrane-bound,  osmophilic  granules  in 
the  cytoplasm.  They  were  observed  at  all  levels  in  the  cell.  In 
some  instances  the  granules  appeared  as  dark  crystalline  inclu¬ 
sions  surrounded  by  less  dense  granular  matrix  in  structures 
thought  to  be  lysosomes.  Others  showed  a  slight  gradation  of 
electron  densities  suggesting  coalescence  of  smaller  granules  to 
form  larger  ones.  Microvilli  were  absent  on  the  luminal  surfaces 
of  some  degenerating  cells  while  others  demonstrated  club-like 
swelling  of  microvillar  tips. 
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Prominent  large  vacuoles  and/or  spaces  were  present  extend¬ 
ing  from  the  luminal  to  the  basilar  surfaces  of  the  tubular  epi¬ 
thelial  cells.  Many  of.  these  were  interpreted  as  widened  lateral 
Intercellular  space  between  adjacent  cells.  Occasionally  in 
lytic  cells,  sequestered  crystal  and  subcellular  organelles  were 
present  in  vacuoles  and  were  undergoing  degeneration.  Several 
tubules  had  voided  regions  where  epithelial  cells  had  been  ex¬ 
foliated  exposing  the  underlying  peritubular  basal  lamina.  The 
necrotic  debris  present  in  the  associated  tubular  lumina  was 
thought  to  be  derived  in  part  from  such  desquamated  cells. 

Lesions  observed  in  the  outer  medulla  could  best  be  de¬ 
scribed  as  medullary  tubular  cysts.  At  least  some  were  occurring 
at  the  level  of  the  descending  loop  of  Henle  (junction  of  outer 
and  inner  stripe  of  outer  medulla).  The  tubular  epithelial  cells 
lining  the  cysts  were  ultrastructurally  compatible  with  those  of 
the  proximal  descending  limb  with  low  cuboidal  epithelium,  ab¬ 
sence  of  a  brush  border,  few  microvilli,  sparsity  of  cytoplasmic 
organelles,  and  prominent  lateral  interdigitating  membranes. 
Although  an  occasional  tubular  epithelial  cell  lining  the  dilated 
tubules  showed  some  degeneration,  most  appeared  as  normal,  viable 
cells.  The  cells  remained  firmly  attached  to  the  basement  mem¬ 
brane;  they  often  had  markedly  attenuated  cytoplasm,  but  usually 
the  plasraalemma  and  cytoplasmic  organelles  appeared  essentially 
normal. 

In  sharp  contrast  to  the  aforementioned  tubular  cells  lining 
the  medullary  cysts,  the  lumina  of  the  cysts  were  filled  with 
cellular  detritus  consisting  of  prominent  swollen  degenerating 
mitochondria  with  flocculent  densities  and  lipid  droplets,  lyso- 
somes,  microbodies,  vesicles,  granules,  and  fragmented  membranes. 

Results  of  microscopic  examination  of  the  tissues  collected 
from  male  rats  maintained  for  postexposure  observation  are  shown 
in  Table  22.  The  list  has  been  abbreviated  by  excluding  the 
lesions  that  occurred  with  low  frequency  and  were  considered 
incidental  to  exposure.  The  clearest  indication  of  an  exposure 
related  effect  was  again  demonstrated  in  the  kidneys  of  male 
rats.  Virtually  all  of  the  male  rats,  controls  included,  devel¬ 
oped  lesions  characteristic  of  chronic  progressive  renal  nephro¬ 
pathy  (CPN).  These  changes  were  consistent  with  normal  aging 
lesions;  however,  CPN  was  judged  to  be  more  severe  in  the  male 
rats  exposed  to  300  mg/m3  DFM  when  compared  to  the  other  groups 
in  each  respective  study.  The  most  striking  difference  between 
DFM  exposed  rats  and  unexposed  controls  was  the  development  of 
tubular  mineralization  and  epithelial  hyperplasia.  Furthermore, 
a  clear  dose  response  relationship  was  demonstrated.  Virtually 


all  of  the  male  rats  exposed  to  300  mg/m3  had  mineralized  depos¬ 
its  in  the  renal  papilla. 

The  incidence  of  this  lesion  in  male  rats  exposed  to  50 
mg/m3  Shale  DFM  was  about  50%,  while  the  incidence  of  mineraliza¬ 
tion  in  male  rats  exposed  to  50  mg/m3  Petroleum  DFM  was  less  than 
the  background  level  in  the  control  group.  Associated  with  the 
mineralization  was  the  presence  of  papillary  epithelial  hyper¬ 
plasia.  As  with  the  mineralization,  ft  dose  response  relationship 
was  also  demonstrated.  The  mineralized  deposits  were  thought  to 
be  calcium  impregnated  debris  shed  from  the  tubule  during  expo¬ 
sure.  The  development  of  hyperplasia  was  considered  to  be 
related  to  the  mechanical  irritation  of  the  mineralized  debris. 
Two  benign  kidney  tumors  were  seen  in  the  studies.  One  developed 
in  a  male  rat  exposed  to  50  mg/m3  Petroleum  DFM,  while  the  other 
was  observed  in  a  male  rat  exposed  to  300  mg/m3  Shale  DFM.  No 
kidney  tumors  were  seen  in  control  male  rats. 

Tumors  and  tissue  changes  occurred  in  several  other  organ 
systems  of  male  rats  (Table  22).  In  general,  the  frequencies  of 
occurrence  were  equally  distributed  among  the  exposed  and  control 
groups  for  the  respective  studies.  Furthermore,  the  lesions 
noted  were  consistent  with  changes  normally  seen  in  aged  rats. 

Lesions  identified  in  female  rats  maintained  for  postexpo¬ 
sure  observation  are  shown  in  Table  23.  Female  rats  from  all 
groups,  including  controls,  developed  renal  lesions  consistent 
with  CPN .  There  was  no  indication  of  an  exposure  related  in¬ 
crease  in  severity  as  was  seen  with  male  rats.  Female  rats  in 
the  Shale  DFM  study  demonstrated  mineralization  of  the  renal 
papilla. 

The  severity  of  this  lesion  was  characterized  as  mild,  with 
no  indication  of  a  dose  related  increase  in  frequency  of  occur- 
rance.  Papillary  hyperplasia  was  not  a  significant  finding  in 
female  rats  from  either  study.  No  kidney  tumors  developed  in 
female  rats  exposed  to  either  Petroleum  or  Shale  DFM,  while  one 
kidney  tumor  was  found  in  a  female  control  rat  in  the  Petroleum 
DFM  study.  Other  lesions  noted  in  female  rats  exposed  to  DFM 
were  considered  to  be  normal  aging  processes.  No  other  organ 
systems  in  female  rats  developed  signs  of  significant  DFM  related 
tissue  changes. 


TABLB  22.  HISTOPATHOLOGIC  LESIONS4  IN  MALE  RATS  HELD  FOR 
POSTEXPOSURE  OBSERVATION  AFTER  90-DAY  CONTINUOUS 
INHALATION  EXPOSURE  TO  DFM 


tVtrol.ua  PPM _  _ Shale  DFH 


Concentration  ( 

mg/m>) 

Concentration  (m 

mumm i 

Tissue 

0 

50 

300 

0 

50 

300 

Skin 

Mammary  gland  - 
Hyperplasla/dllatatlon 

6/38(17) 

1/35(3) 

0/35(0)b 

12/42(29) 

7/  4  4(  16) 

16/45(36) 

Fibroadenoma 

1/36(3) 

0/35(0) 

0/35(0) 

0/42(0) 

3/44(7) 

4/45(9) 

Cardiovascular 

Myocardial  fibrosis/ 
defeneration 

32/50(64) 

23/49(47) 

32/50(84) 

46/49(94) 

40/48(83) 

45/51(88) 

Pulmonary  artery 
mineralisation 

5/50(10) 

8/50( 12) 

9/50(18) 

28/49(53) 

16/48(33) 

22/51(43) 

Respl ratory 

Nose  -  Inflammation 

4/50(8) 

2/48(4) 

4/49(8) 

12/50(24) 

16/47(34) 

17/49(35) 

l.un*  - 
Inf  lamination 

23/50(46) 

23/50(46) 

20/50(40) 

3/50(3) 

21/49(43)b 

14/50(28)b 

Alveolar  adenoma 

1/50(2) 

2/50(4) 

1/50(2) 

0/50(0) 

0/49(0) 

1/50(2) 

Alveolar  carcinoma 

1/50(2) 

0/50(0) 

1/50(2) 

0/59(0) 

0/49(0) 

1 /60( 2 ) 

Liver 

Focal  cell  change 

28/50(58) 

20/50(40) 

30/50(60) 

30/49(60) 

30/50(60) 

25/50(50) 

Bile  duct  hyperplasia 

44/49(90) 

44/50(88) 

46/50(92) 

49/49(100) 

46/50(92) 

46/50(92) 

Carcinoma 

0/50(0) 

1/50(2) 

2/50(4) 

1/49(2) 

1/50(2) 

0/50(0) 

Adenoma 

2/50(4) 

1/50(2) 

0/50(0) 

3/49(6) 

0/50(0) 

0/50(0) 

Urinary 

Kidney  - 
Nephropathy 

50/50(100) 

48/49(98) 

49/50(98) 

50/50(100) 

49/49(100) 

49/49(100) 

Papillary  hyparplaala 

7/50(14) 

2/49(4) 

15/50(30)b 

4/50(8) 

15/49(30)° 

42/49(86)° 

Mineralization 

5/50( 10) 

2/49(4) 

42/50(84)b 

5/50(10) 

26/49( 62) b 

49/ 4S(  1 00)' 

Adenoma 

0/50(0) 

1/89(2) 

0/50(0) 

0/50(0) 

0/49(0) 

1/49(2) 

Reproductive  A  Endocrine 
pituitary  - 
Adenoma 

18/4  -(38) 

13/85(29) 

14/47(30) 

14/48(29) 

8/47(17) 

8/45(18) 

Carcinoma 

0/4  6(0) 

0/45(0) 

0/47(0) 

0/48(0) 

1/87(2) 

3/45(7) 

Thyroid  - 

Follicular  cell  tumors 

0/47(0) 

0/46(0) 

0/44(0) 

4/50(8) 

5/87(11) 

0/50(0) 

C  cell  tumors 

1/47(2) 

3/46(7) 

3/46(7) 

0/50(0) 

0/47(0) 

0/50(0) 

Hyperplasia 

5/47(11) 

2/46(4) 

8/46( 17) 

24/50(48) 

18/47(38) 

16/50(32) 

Parathyroid  - 
Hyper ulasla 

1/80(3) 

1/80(3) 

1/38(3) 

1/43(2) 

1/33(3) 

5/34(15) 

Adenona 

0/40(0) 

0/40(0) 

1/38(3) 

1/43(2) 

1/33(3) 

1/34(3) 

Testes  - 

Interstitial  cell  tumor 

45/49(92) 

40/47(85) 

46/50(92) 

45/49(92) 

44/47(94) 

46/47(98) 

Prostate  - 
inflammation 

3/44(7) 

2/39(5) 

1/40(3) 

10/42(24) 

6/43(14) 

14/45(31) 

Hyperplasia 

2/44(5) 

2/39(5) 

2/40(5) 

10/42(24) 

10/43(23) 

14/45(31) 

Adrenal  - 
Focal  cell  change 

1/50(2) 

0/50(0) 

0/49(0) 

2/50(4) 

5/50(10) 

10/50(20)° 

Neoplastic  hodule 

1/50(2) 

1/50(2) 

2/49(4) 

0/50(0) 

1/50(2) 

0/50(0) 

Pheochromocy toma 

4/50(8) 

3/50(6) 

6/49(24) 

5/50(10) 

10/50(20) 

4/50(8) 

Lymphoret lcular 

Mononuclear 
cell  leukemia 

3/50(6) 

4/50(8) 

7/50( 14) 

7/50(14) 

8/50(16) 

3/50(6) 

*  Number  observed /Number  examined  (%). 
"  Different  from  control,  p  «  0.01. 
c  Different  from  control,  p  «  0.05. 
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TABLE  23.  HISTOPATHOLOGIC  LESIONS4  IN  FEMALE  RATS  HELD  FOR  ' 

POSTEXPOSURE  OBSERVATION  AFTER  90-DAY  CONTINUOUS  ■' 

INHALATION  EXPOSURE  TO  DFM  > 

■ 


Pt 

•.  roleuw  DFM 

Shsle  DFM 

Concent ra t t on  (mg/ 

> 

Concentration  (mg/nt* ) 

* 

T  l  SKU»* 

0 

50 

300 

0 

50 

300 

* 

Sk  i  n 

Mammary  gland  - 
My  p»*  rp  1  a  s  I  a  /  *1 1  1  a  t  a  1 1  on 

36/45( 8 ) 

34 / 4 3(  79) 

36/4  3( 84) 

1 H / 5 0 ( 36) 

14/45(3) 

l  5 / 4 6 { 33) 

; 

Adr  nun  rr  i  n<»ma 

1/45(2) 

0/43(0) 

0/43(0) 

1/50(2) 

0/4  5(0) 

0/46(0) 

* 

Fl  hrotdenona 

3/45(7) 

2/43(5) 

8/43( 19) 

3/50(6) 

1/45(2) 

4/46(9) 

(a rdiova scu! a  r 

Myocardial  fibrosis/ 
degenera  t  ion 

!3/49( 27) 

8/50( 16) 

9/49(18) 

26/50(52) 

31/50(62) 

18/50(36)b 

■s 

a 

Pulmonary  artery 
m  i  no ra 1 1 z a  1 1  on 

3/50(6) 

7/50(14) 

2/49(4) 

11/50(22) 

16/50(32) 

10/50(20) 

« 

Resp i  ra  to ry 

Nose  -  inflammation 

Lung  - 

1  n  f  lamina  t  i on 

3/50(6) 

2/50(4) 

2/49(4  ) 

1/50(2) 

0/50(0) 

3/50(6) 

28/49(57) 

16/S0( 32>b 

1 7 / 49(  35) 

3/50(6) 

10/50(20)b 

4/50(8) 

Adenoma 

1/49(2? 

0/50(0) 

0/49(0) 

0/50(0) 

0/50(0) 

0/50(0) 

;■ 

Liver 

Foca  1  cell  change 

1 4/ 50(  28 ) 

23/49(47) 

22/49(44) 

25/50(50) 

22/50(44) 

18/50(36) 

i 

I 

Bile  duct  hyperplasia 

14/50(28) 

12/49(24) 

12/50(24) 

39/50(78) 

42/50(84) 

38/50(76) 

Adenoma 

1/50(2) 

0/49(0) 

1/50(2) 

1/50(2) 

0/50(0) 

0/50(0) 

► 

Ur  l  .ia  ry 

Kidney  - 
Neph  ropa  thy 

38/48(79) 

29/S0(58)b 

29/48(60)b 

29/48(60) 

31/46(67) 

26/49(53) 

* 

Papillary  hyperplasia 

0/48(0) 

0/50(0) 

1  /48(  2) 

1/48(2) 

1/46(2) 

0/49(0) 

M l nera 1 l zat ion 

9/48( 19) 

3/50(6) 

2/48(60)b 

21/48(44) 

20/46(43) 

14/49(29) 

Adenoma 

1/48(2) 

0/50(0) 

0/48(0) 

0/48(0) 

0/46(0) 

0/49(0) 

! 

Reproductive  ft  Endocrine 
Pituitary  - 
Adenoma 

29/49(59) 

24/45(9) 

25/48(52) 

16/49(32) 

14/46(30) 

10/46(35) 

j 

h 

Ca  rc  l  noma 

0/49(0) 

0/45(0) 

2/48(4) 

0/49(0) 

1/46(2) 

1/46(2) 

Thyroid  - 

Follicular  cell  tumors 

0/41(0) 

0/46(0) 

1/46(2) 

1/50(2) 

3/49(6) 

3/46(7) 

riyperplssl* 

3/41(7) 

3/46(7) 

2/46(4) 

19/50(38) 

21/49(42) 

20/46(43) 

! 

Parathyroid  -  adenoma 

1/34(3) 

0/33(0) 

0/36(0) 

0/38(0) 

0/35(0) 

1/33(3) 

Adrenal  - 
Cell  change 

2/50(4) 

5/50(10) 

4/49(8) 

9/50(18) 

9/49( 18) 

13/49(27) 

Carconoma 

1/50(2) 

0/50(0) 

0/49(0) 

0/50(0) 

0/49(0) 

0/49(0) 

Adenoma 

0/50(0) 

0/50(0) 

1/49(2) 

1/50(2) 

0/49(0) 

1/49(2) 

Pheochromocy  toma 

2/50(2) 

1/50(2) 

3/49(6) 

0/50(0) 

3/49(6) 

2/49(4) 

Uterus  - 

Ca  rcl  noma 

2/46(4) 

l/<8(2) 

5/49( 10) 

0/49(0) 

0/49(0) 

1/50(2) 

Strom»l  polyps 

8/46(4) 

14/48(29) 

11/49(22) 

1/49(2) 

1/49(2) 

2/50(4) 

Lymphoretlcular 

| 

Mononuclear 

cell  leukemia 

8/50( 16) 

5/50( 10) 

8/49(16) 

3/50(6) 

3/50(6) 

4/50(8) 

, 

*  Number  observed/Number  examined  (%). 
b  Different  from  control,  p  <  0.05. 

DISCUSSION 

The  development  of  male  rat  nephrotoxicity  in  rats  exposed 
to  DFM  is  consistent  with  the  effects  reported  with  a  number  of 
other  hydrocarbon  fuels  and  solvents  (Carpenter  et  al. ,  1975a, 
1975b;  Gaworski  et  al. ,  1984,  1985;  Parker  et  al. ,  1981;  Phillips 
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and  Egan,  1984a,  1984b).  Nephrotoxic  changes  consisted  primarily 
of  hyaline  degeneration  with  the  necrosis  noted  in  male  rats 
exposed  to  300  mg/m3  considered  to  be  the  end  product  of  this 
change.  Transmission  electron  micrographs  obtained  during  the 
Shale  DFM  study  showed  large  osmophilic  granules  that  correlated 
well  with  the  hyaline  droplets  detected  by  light  microscopy. 

Most  of  the  granules  were  thought  to  be  secondary  lysosomes 
formed  after  fusion  of  primary  lysosomes  with  endocytotic  vacu¬ 
oles  containing  electron  dense  material.  The  electron  micro¬ 
graphs  implicate  the  proximal  tubule  as  the  primary  location  of 
the  hydrocarbon-associated  cytotoxic  effect  on  the  nephron. 

There  was  distinct  cytolysis  of  the  tubular  epithelium  in  that 
nephron  segment.  It  appeared  that  only  a  relatively  few  epithe¬ 
lial  cells  undergoing  degeneration  terminated  in  necrosis.  The 
pattern  of  necrosis  was  unique  inasmuch  as  some  of  the  ultra- 
structural  architecture  of  the  cell  seemed  to  be  retained.  It 
seemed  that  complete  enzymatic  degradation  was  somehow  inhibited. 
The  mechanism  of  precisely  how  that  effect  occurred  remains  un¬ 
determined.  This  electron  microscopic  study  supported  the  light 
microscopic  evidence  that  the  medullary  cysts  in  the  region  of 
the  proximal  descending  limb  of  the  loop  of  Henle  resulted  from 
cellular  debris  that  was  washed  downstream  from  more  proximal 
segments  of  the  nephron.  The  normal  ultrastructure  of  most  cells 
lining  the  cysts,  with  only  an  occasional  cell  showing  reversible 
degeneration,  suggested  a  secondary  damaging  effect,  possibly 
derived  from  lytic  enzymes  associated  with  the  necrotic  cells  in 
the  lumina.  If  the  damage  was  primary,  such  as  might  be  caused 
by  a  direct  toxic  insult  on  the  lining  cells  of  the  descending 
limb,  a  more  diffuse  pattern  of  cellular  degeneration  would 
expected.  Changes  occurring  in  the  kidney  subsequent  to  expo  ure 
were  mineralization,  papillary  hyperplasia,  and  more  severe 
chronic  progressive  nephropathy. 

The  results  of  microscopic  examination  of  kidney  tissue 
suggest  that  the  lower  dose  utilized  in  this  study  may  have  ap¬ 
proached  a  "no  effect"  level  for  the  development  of  hydrocarbon 
associated  renal  nephropathy.  In  a  previous  90-day  continuous 
exposure  to  JP-5,  the  lowest  concentration  tested,  150  rag/m3 , 
produced  structural  alterations  in  male  rat  kidneys  including 
necrosis  at  exposure  termination  with  mineralization  and  papil¬ 
lary  hyperplasia  developing  postexposure  (Gaworski  et  al. ,  1985). 
In  the  present  study  exposure  to  50  mg/m3  produced  hyaline  degen¬ 
erative  changes  without,  however,  evidence  of  tubular  cell  necro¬ 
sis  at  exposure  termination.  Subsequent  postexposure  examination 
indicated  no  substantial  mineralization  nor  papillary  hyperplasia 
in  male  rats  exposed  to  50  mg/m3  Petroleum  DFM.  Although  these 
changes  were  seen  in  male  rats  exposed  to  Shale  DFM  at  50  mg/ra3. 
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the  incidence  was  considerably  less  than  that  occurring  in  male 
rats  exposed  to  a  higher  concentration. 

Although  there  were  kidney  tissue  changes  in  male  rats  at 
the  microscopic  level,  there  was  no  indication  of  increased  kid¬ 
ney  weight,  nor  was  there  any  suggestion  of  substantial  function¬ 
al  changes,  indicated  by  serum  BUN  and  creatinine  elevations. 

Male  rats  exposed  to  either  Petroleum  or  Shale  DFM  had  decreased 
weight  gains  compared  to  their  respective  controls.  Erythrocyte 
parameters  of  male  rats  exposed  to  DFM  tended  to  show  slight 
reductions  when  compared  to  controls.  This  effect  was  consistent 
with  the  trends  noted  in  a  previous  90-day  continuous  exposure  to 
JP-5  jet  fuel  (Gaworski  et  al.,  1985),  although  DFM  exposure 
failed  to  reduce  RBC  counts,  hematocrit,  and  hemoglobin  levels  in 
all  cases. 


The  absence  of  renal  toxicity  in  female  rats,  female  mice, 
and  male  and  female  dogs  exposed  to  DFM  is  consistent  with  the 
theory  that  the  development  of  hydrocarbon  induced  nephrotoxicity 
is  related  to  the  presence  of  a  protein  unique  to  male  rats. 

Alden  et  al.  (1984)  has  identified  ci2U  globulin  as  the  protein 
responsible  for  the  formation  and  accumulation  of  hyaline 
droplets. 

In  general,  the  effects  noted  in  dogs  exposed  to  DFM  were 
very  mild.  Changes  noted  in  blood  parameters,  including  red 
blood  cell  osmotic  fragility,  body  weights,  organ  weights,  as 
well  as  microscopic  examination  of  tissues  did  not  establish  any 
exposure  related  effect. 

Mice  exposed  to  Shale  DFM  developed  lung  inflammation  and 
fatty  change  in  the  liver.  Mice  exposed  to  Petroleum  DFM  were 
generally  free  of  these  changes.  Fatty  change  In  the  liver  is 
often  regarded  as  a  non-specific  tissue  alteration.  The  lung  and 
liver  changes  in  Shale  DFM  exposed  mice  were  reversible  as 
indicated  by  the  absence  of  any  significant  increase  in  these 
lesions  postexposure.  The  solvent  nature  of  DFM  may  have  been 
responsible  for  the  increased  occurrence  of  dermatitis  in  exposed 
mice,  which  ultimately  was  responsible  for  the  slightly  decreased 
length  of  survival  noted  in  the  Shale  DFM  exposed  mice. 

In  a  recently  completed  study  of  the  effects  of  inhaled 
gasoline  vapors,  renal  neoplasia  was  reported  (MacFarland  et  al. , 
1984).  In  the  present  study  of  DFM,  kidney  tumors  were  identi¬ 
fied  in  one  male  rat  exposed  to  Petroleum  DFM  at  50  mg/m3  and  in 
one  male  rat  exposed  to  Shale  DFM  at  300  mg/m3 .  No  control  male 
rats  from  either  study  developed  renal  tumors;  however,  a  female 
control  rat  in  the  petroleum  study  did  develop  a  renal  neoplasm. 


61 


Although  kidney  tumors  in  rats  are  generally  regarded  as  rare, 
the  development  of  tumors  in  the  two  male  rats  exposed  to  DFM  is 
most  probably  an  incidental  occurrence.  Overall,  continuous 
90— day  exposure  to  DFM,  derived  from  either  Petroleum  or  Shale 
DFM  did  not  produce  increased  incidence  of  any  tumor  type  in  any 
species  tested. 

In  conclusion,  the  results  of  this  study  are  in  close  agree¬ 
ment  with  the  effects  noted  in  other  studies  of  hydrocarbon 
fuels.  Male  rat  nephrotoxic  changes  were  evident  in  animals 
exposed  to  either  Petroleum  or  Shale  DFM  at  300  mg/m3.  A  dose 
response  was  suggested  by  the  reduced  severity  of  nephrotoxicity 
in  male  rats  exposed  to  50  mg/m3  Shale  DFM.  Furthermore,  the 
absence  of  significant  renal  changes  in  male  rats  exposed  to 
Petroleum  DFM  at  50  mg/m3  indicates  that  this  concentration  is 
near  a  "no  effect"  level  for  male  rat  renal  toxicity.  Comparison 
of  the  effects  observed  with  Petroleum  DFM  with  those  observed 
with  Shale  DFM  suggest  only  minor  differences  between  the  two 
materials. 


THE  EVALUATION  OF  THE  ONCOGENIC  POTENTIAL  OP  OTTO  FUEL  II 

In  September  of  1980  the  Toxic  Hazards  Research  Unit  initi¬ 
ated  a  1-year  industrial-type  inhalation  exposure  of  laboratory 
animals  to  Otto  Fuel  II.  Exposure  of  rats  and  mice  terminated  on 
schedule  in  September  of  1981.  Exposure  of  dogs  terminated  in 
November  1981  after  an  additional  2  months  on  study.  This  addi¬ 
tional  exposure  was  conducted  to  investigate  rapid  decreases  in 
hematologic  values  which  occurred  during  the  latter  portion  of 
the  exposure. 

Otto  Fuel  II  is  used  by  the  U.  S.  Navy  as  a  liquid  propel¬ 
lant  in  torpedoes  and  other  weapon  systems.  The  chief  component 
(approxi:  .itely  75%)  of  Otto  Fuel  II  is  the  nitrate  ester  1,2— 
propylene  glycol  diuitrate  (PGDN).  The  balance  of  Otto  Fuel  II 
is  comprised  of  2-nitrodiphenylamine  (2%)  added  as  a  stabilizer 
and  di-n-butyl  sebacate  (23%)  added  as  a  desensitizer. 

The  constituent  of  Otto  Fuel  II  that  presents  the  most  con¬ 
cern  is  PGDN,  which  is  a  potent  vasodilator  and  has  been  shown  to 
produce  severe  headaches  in  humans  at  low  vapor  concentrations 
(Stewart  et  al.  ,  1974).  This  study  was  undertaken  to  investigate 
long-term  effects  of  chronic  exposure  to  low  concentrations  of 
inhaled  vapors. 

Background  information  for  this  study  was  presented  in  a 
previous  annual  report  (MacEwen  and  Vernot,  1981).  Pertinent 
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Otto  Fuel  II  generation  and  monitoring  data  are  also  described  in 
that  report.  Briefly,  male  and  female  beagle  dogs,  Fischer  344 
rats,  and  C57BL/6  mice  were  exposed  to  1.4  mg/m3  Otto  Fuel  II 
vapor.  Additional  groups  of  male  and  female  rats  and  mice  were 
exposed  to  240  mg/m3  Otto  Fuel  II  vapor.  Exposures  were  conduct¬ 
ed  in  Thon.-'s  Dome  Inhalation  Chambers  on  a  6  hour/day ,  5  day/week 
basis.  Exposures  were  not  conducted  on  weekends  or  holidays.  At 
the  completion  of  1  year  of  exposure,  10  male  and  10  female  rats 
and  10  male  and  10  female  mice  from  each  experimental  group  were 
randomly  chosen  for  necropsy.  All  dogs  were  sacrificed  at  the 
conclusion  of  the  exposure  phase.  Remaining  rodents  were  held 
for  a  1-year  postexposure  observation  period.  At  the  time  of 
necropsy,  tissues  were  collected  for  histopathologic  examina¬ 
tion.  Rat  blood  was  also  collected  for  hematologic  and  clinical 
chemistry  tests.  Liver,  kidney,  and  spleen  weights  were  recorded 
on  all  rats  and  dogs  sacrificed.  Body  weights  were  recorded 
regularly  through  the  course  of  the  study.  Results  of  these 
various  observations  were  presented  in  previous  annual  reports 
(MacEwen  and  Vernot,  1981,  1982,  and  1983). 

During  the  past  year  the  examination  of  tissues  collected 
from  the  animals  in  the  study  was  completed.  Because  of  the 
large  number  of  rodents  in  the  study,  the  usual  practice  of  read¬ 
ing  all  tissues  from  all  animals  was  altered  slightly.  All  tis¬ 
sues  from  the  control  and  high  dose  rodents  were  examined.  In 
the  low  dose  group,  the  examination  was  reduced  to  include  all 
lungs,  livers,  kidneys,  as  well  as  gross  lesions  noted  at  necrop¬ 
sy.  In  addition,  all  tissues  considered  to  be  demonstrating  an 
exposure  related  increased  incidence,  based  on  examination  of  the 
control  and  high  dose  groups,  were  examined  in  the  low  dose 
group. 


The  discussion  for  each  animal  species  consists  of  2  parts. 
The  first  section  includes  animals  which  died  during  the  1-year 
exposure  or  were  sacrificed  immediately  following  exposure.  The 
second  section  includes  animals  that  died  during  the  postexposure 
observation  period  or  were  killed  for  histologic  examination 
after  2  years  on  the  study. 


RESULTS 


Dogs 


Dogs  exposed  to  1.4  mg/m3  Otto  Fuel  II  demonstrated  no  tis¬ 
sue  changes  that  were  considered  to  be  exposure  related.  During 
the  later  period  of  exposure  the  dogs  exposed  to  1.4  mg/m3  Otto 
Fuel  II  exhibited  reduced  red  blood  cell  counts,  hematocrit  and 
hemoglobin  levels.  To  further  examine  this  phenomenon,  special 
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bone  marrow  stains  were  prepared  to  determine  myeloid:erythroid 
ratios.  Unfortunately,  the  technical  quality  of  these  prepara¬ 
tions  was  poor  making  the  examination  of  results  unreliable. 
However,  examination  of  the  bone  marrow  taken  in  routine  bone 
sections  did  not  suggest  any  unusual  effects  on  the  blood  forming 
cel  Is. 


Mice 

The  results  of  the  microscopic  examination  of  tissues  col¬ 
lected  from  mice  exposed  to  Otto  Fuel  II  are  presented  in  Table 
24.  Only  the  most  frequently  observed  lesions  are  noted.  At 
exposure  termination,  chronic  ulcerative  dermatitis  was  recorded 
in  44%  of  female  control  mice  and  in  none  of  the  exposed 
subjects.  These  skin  lesions  are  common  in  adult  mice.  Hyaline 
degeneration  of  the  nasal  epithelium  was  also  recorded  more 
frequently  in  control  mice  than  in  the  high  dose  subjects. 
Granulocytic  hyperplasia  of  the  bone  marrow  was  also  significant¬ 
ly  more  prevalent  in  control  mice.  In  C5VBL/6  mice,  this  lesion 
is  often  associated  with  chronic  ulcerative  dermatitis,  a  skin 
disease  of  obscure  etiology.  Hyaline  degeneration  of  gallbladder 
epithelium  was  noted  with  increased  frequency  in  control  mice. 
This  change  may  be  associated  with  increased  inflammatory  disease 
in  the  control  group,  and  is  also  considered  a  common  finding  in 
aging  mice.  Hepatocellular  fatty  change  was  noted  with  a  greater 
frequency  in  control  mice.  Often  this  change  can  be  associated 
with  chronic  ulcerative  dermatitis  in  mice.  In  contrast,  hepato¬ 
cellular  cytoplasmic  vacuolization  was  recorded  exclusively  in 
exposed  mice.  At  the  light  microscopic  level,  cytoplasmic 
vacuolization  is  attributed  to  increased  cytoplasmic  glycogen  and 
probably  was  related  to  an  abbreviated  fasting  period  just  prior 
to  sacrifice  and  not  to  any  pathologic  event. 

Lesions  observed  at  the  conclusion  of  the  1-year  postexpo¬ 
sure  observation  period  were  generally  consistent  with  those 
observed  at  exposure  termination  (Table  24).  In  addition,  extra¬ 
medullary  hematopoiesis  in  the  spleen  was  observed  more  frequent¬ 
ly  in  controls  and  probably  was  related  to  inflammatory  lesions 
elsewhere  in  the  body.  Splenic  lymphoid  hyperplasia  was  noted  to 
be  slightly  more  common  in  mice  exposed  to  240  mg/m3  Otto  Fuel 
II.  This  finding  may  have  represented  early  lymphoma  which  is 
very  common  in  older  C57BL/6  mice.  Both  atrophy  and  focal  hyper¬ 
plasia  were  common  in  the  adrenal  cortex  of  older  male  mice  as¬ 
signed  to  all  experimental  groups.  These  lesions  were  thought  to 
be  spontaneous  aging  changes  and  unrelated  to  Otto  Fuel  II 
exposure. 


All  other  tissue  changes  noted  in  mice  examined  at  either  expo¬ 
sure  termination  or  1-year  postexposure  demonstrated  no  rela¬ 
tionship  to  exposure. 

TABLE  24.  LESIONS  OBSERVED  IN  MICE  EXPOSED  TO  OTTO  FUEL  II 

INTERMITTENTLY  FOR  1  YEARa 


Exposure 

Term  nut  Ion 

Utile 

fema  1  e 

Con  t  ro i 

1 .4  ms/xD 

240  mg/m* 

Control 

1  .4  nitc/m-1 

240  mg/mj 

Skin  . 

Ulcerative  dermatitis 

Mass  1 

3/21 

(14) 

2/16 

(13) 

2/17 

(12) 

8/18 

(44) 

0/18 

(0)u 

0/24 

(0)“ 

U 

Hyaline  degeneration 

11/21 

(52) 

7/16 

(44) 

1/14 

(7'b 

13/17 

(76) 

8/15 

(53) 

4/18 

(22)b 

Pone  Marrow  .  .  . 

Granulocytic  hyperplasia 

13/20 

(65) 

3/13 

(23)c 

1/14 

(7)D 

12/16 

(67) 

0/14 

(0)u 

0/18 

(0)u 

l.l  ve  r 

Fatty  change 

12/21 

(57) 

2/15 

(13)c 

5/15 

(33) 

10/17 

(59) 

9/16 

(56) 

3/20 

(15)b 

Vacuol izatton 

0/21 

(0) 

3/15 

(20) 

3/15 

(20) 

0/17 

(0) 

3/16 

(19) 

9/20 

(38  )b 

Gall  Eladder 

Hyaline  degeneration 

6/19 

(29) 

1/12 

(8) 

0/11 

(0) 

3/16 

(19) 

3/12 

(25) 

1/14 

(7) 

One  Year  Postexposure 


Male 

Female 

Control 

1  .4  mg/mJ 

240  mg/m3 

Control 

1.4  mg/m^ 

240  mg/rn5 

Skin 

Ulcerative  dermatitis 

5/79 

(6) 

3/59 

(5) 

5/83 

(6) 

17/82 

(21) 

9/57  (16) 

11/75 

(15) 

Mammary  Gland 

Cystic  Hyperplasia 

0/79 

(0) 

d 

0/75 

(0) 

28/82 

(34) 

d 

4/75 

(5)b 

Bone 

Osteosarcoma 

0/70 

(0) 

d 

0/82 

(0) 

0/76 

(0) 

d 

1/70 

(1) 

Osteosclerosis 

0/70 

(0) 

d 

1/82 

(1) 

0/76 

(0) 

d 

0/70 

(0) 

Bone  Marrow 

Granulocytic  Hyperplasia 

30/70 

(43) 

a 

6/81 

(  7  )b 

26/74 

(35) 

d 

12/69 

(17)c 

Liver 

Fatty  Change 

39/79 

(49) 

28/57 

(49) 

54/82 

(66) 

52/81 

(64) 

19/56  (34)b 

39/75 

(52) 

Spleen 

Hematopoiesis 

24/76 

(32) 

4/14 

(29) 

16/79 

(20) 

49/78 

(63) 

15/35  (43) 

23/73 

(32)b 

Lymphoid  Hyperplasia 

2/76 

(3) 

2/14 

(14) 

15/79 

(19)b 

2/78 

(2) 

3/35  (9) 

7/73 

(10) 

Adrenal  Gland 

Atrophy 

12/74 

(16) 

36/42 

(86)b 

15/72 

(21) 

0/80 

(0) 

0/9  (0) 

1/72 

(1) 

Salivary  Gland 

Lymphocytic  infiltrates 

45/73 

(62) 

d 

47/81 

(57) 

38/74 

(51) 

d 

35/72 

(49) 

a  Number  observed/Number  examined  (%). 
b  Different  from  control,  p  <  0.01. 
c  Different  from  control,  p  <  0.05. 

Tissues  not  examined. 

Rats 

Lesions  observed  in  rats  at  exposure  termination  are  shown 
in  Table  25.  The  table  has  been  abbreviated  to  exclude  most  of 
the  common  spontaneous  lesions  showing  no  exposure  relationship. 
At  exposure  termination,  a  modest  number  of  rats  assigned  to  both 
the  low  and  high  dose  exposure  groups  exhibited  mild  hyaline 
degeneration  of  the  nasal  epithelium.  This  is  a  common  aging 
change  in  rats,  and  it  is  considered  to  be  of  little  pathologic 
significance.  Very  slight  increases  in  pulmonary  inflammatory 
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TABLE  25.  LESIONS  OBSERVED  IN  RATS  EXPOSED  TO  OTTO  FUEL  II 

INTERMITTENTLY  FOR  1  YEARa 


Exposure  Termination 

Male 

Foma  1 e 

Control 

1.4  mg  /  m  3 

240  mr/m1  Control 

1  .4  mg/mJ 

240  ibb/*1 

Nasal 

Hyaline  degeneration 

0/15 

(0) 

5/15 

( 30) b 

5/11 

( 45)c 

0/17 

(0) 

3/10 

(30) 

2/13 

(15) 

Cung 

Perivascular  cuffing 

1/15 

(7) 

4/15 

(27) 

1/11 

(9) 

1/17 

(6) 

1/10 

(10) 

6/13 

(46)b 

Alveolar  macrophages 

0/15 

(0) 

1/15 

(7) 

1/11 

(9) 

0/17 

(0) 

0/10 

(0) 

0/13 

(0) 

Congestion 

3/15 

(30) 

3/15 

(2) 

0/15 

(0) 

3/17 

(18) 

0/10 

(0) 

2/13 

(15) 

Lymphocytic 

Infiltration 

0/15 

(0) 

2/15 

(13) 

0/15 

(0) 

0/17 

(0) 

0/10 

(0) 

0/13 

(0) 

One  Year  Postexuosure 


Male 

Fema  le 

Control 

1.1  mR/m^ 

240  mg/m1  Control 

l  .4 

240  mg/m1 

Nasal 

Hyaline  degeneration 
Bone 

18/82 

(22) 

d 

23/87  (26) 

51/83  (61) 

d 

59/85 

(69) 

Osteoscleros Is 

0/78 

(0) 

0/55 

(0) 

0/85  (0) 

10/80  (13) 

5/61 

(8) 

24/83 

(29)b 

Osteosarcoma 

0/78 

(0) 

1/55 

(2) 

2/85  (2) 

0/80  (0) 

0/61 

(0) 

0/83 

(0) 

Osteoma 

0/78 

(0) 

0/55 

(0) 

0/85  (0) 

0/80  (0) 

1/61 

(2) 

0/83 

(0) 

Spleen 

Mononuclear  cell. 

leukemia 

12/82 

(15) 

6/58 

(10) 

5/88  (6) 

22/82  (27) 

19/65 

(29) 

6/87 

(7)c 

Hemosiderosis 

Uterus 

7/82 

(9) 

1/58 

(2) 

8/88  (9) 

34/82  (41) 

5/65 

(8)c 

53/87 

(61)b 

Adenocarcinoma 

Endometrial 

- 

- 

24/81  (30) 

3/65 

(5)c 

6/85 

(7)c 

Stromal  Polyp 

- 

- 

- 

3/81  (4) 

7/65 

(ID 

12/85 

(14) 

a  Number  observed/Number  examined  (%). 
b  Different  from  control,  p  *  0.0“). 
c  Different  from  control,  p  <  0.01. 
d  Tissues  not  examined. 


changes  (including  perivascular  cuffing,  lympocytic  infiltrates, 
chronic  interstitial  inflammation  and  alveolar  macrophages)  were 
noted  in  exposed  subjects,  but  not  in  a  dose-related  fashion. 
These  minor  changes  suggest  that  Otto  Fuel  II  might  be  a  very 
mild  pulmonary  irritant  or  predispose  to  secondary  infectious 
diseases. 

Changes  noted  in  rats  1-year  postexposure  are  also  shown  in 
Table  25.  Primary  bone  neoplasms  (1  osteoma  and  3  osteosarcomas) 
were  observed  in  exposed  rats  whereas  no  skeletal  tumors  were 
recorded  in  control  subjects.  Osteosclerosis  (hyperostosis)  of 
cortical  bone  was  also  noted  with  modest  frequency  in  the  high 
dose  females.  This  change  is  common  in  aging  Fischer  344  females 
and  probably  is  related  to  increased  levels  of  estrogenic  hor¬ 
mones.  Mononuclear  cell  leukemia  (large  granular  lymphocyte 
leukemia)  was  observed  with  diminished  frequency  in  both  male  and 
female  exposed  rats.  This  hematopoietic  neoplasm  is  very  common 
in  aging  rats,  and  the  decreased  incidence  in  exposed  subjects 


suggests  that  Otto  Fuel  II  may  have  some  protective  effect. 
Splenic  hemosiderosis  was  frequently  diagnosed  in  both  control 
and  high  dose  females.  This  is  considered  to  be  a  common  aging 
change.  Uterine  (endometrial)  adenocarcinomas  were  recorded  in 
30%  of  the  control  females  whereas  only  7%  of  the  high  dose 
females  exhibited  this  neoplasm.  Tumor  incidences  in  both  groups 
appeared  to  be  within  the  range  of  accepted  variability  for 
uterine  adenocarcinomas  in  Fischer  344  rats.  In  contrast  to  the 
decreasing  trend  for  uterine  adenocarcinomas  in  exposed  rats, 
endometrial  stromal  polyps  were  slightly  increased  in  exposed 
females,  14%  in  high  dose  subjects  compared  with  11%  in  low  lose 
females  and  4%  in  controls.  Endometrial  stromal  polyps  are 
common  in  older  Fischer  344  rats.  All  other  changes  noted  in 
male  and  female  rats  from  the  study  were  considered  to  be 
unrelated  to  Otto  Fuel  II  exposure. 


DISCUSSION 

The  results  of  the  microscopic  examination  of  tissues  col¬ 
lected  from  rodents  indicated  no  clear  evidence  of  substantial 
non-neoplastic  changes.  In  addition,  no  strong  tumorigenic 
potential  was  demonstrated  in  rats  or  mice  exposed  for  1  year  to 
Otto  Fuel  IT  vapors  at  a  very  high  cor  vent rat ion  near  the  satu¬ 
rated  vapor  value.  Primary  bone  tumors  in  rats  are  generally 
considered  rare.  The  occurrence  of  two  s  .ch  tumors  in  both  the 
low  dose  and  high  dose  rat  groups,  with  none  in  the  controls, 
suggests  a  potential  relationship  with  Otto  Fuel  IJ.  exposure. 
However,  the  low  frequency  and  absence  of  a  dose  response  rela¬ 
tionship,  in  view  of  the  drastic  difference  in  exposure  concen¬ 
trations,  implies  that  the  development  of  these  neoplasms  was 
probably  unrelated  to  exposure. 

A  recent  publication  by  Dacre  et  al.  (1979)  indicated  that 
rats  fed  1%  trinitroglycerin  (TGN)  developed  a  significantly 
greater  number  of  liver  tumors  compared  to  controls.  TGN  is 
closely  related  in  structure  to  1-2  propylene  glycol  dinitrate 
(PGDN),  the  major  component  of  Otto  Fuel  II.  This  study  has 
demonstrated  that  despite  the  similarity  in  structure  of  these  2 
compounds,  1  year  of  intermittent  inhalation  exposure  to 
concentrations  of  PGDN  up  to  240  mg/m3  produced  no  significant 
liver  tumors  in  rats  or  mice. 


THB  EXPERIMENTAL  DETERMINATION  OP  THE  ONCOGENIC  EFFECTS  OF 
1-YEAR  EXPOSURE  TO  PETROLEUM  JP-4  VAPOR 


A  study  was  designed  to  compare  the  tumorigenic  potential  of 
inhaled  Petroleum  JP-4  fuel  vapor  with  that  from  Shale  Oil  de¬ 
rived  JP-4  fuels  since  shale  oils  have  been  reported  to  be  more 
potent  carcinogens  than  petroleum  oils  when  painted  on  mouse 
skin. 

Mice  and  rats  were  exposed  to  JP-4  concentrations  of  5000 
mg/m3  and  1000  mg/m3  by  the  inhalation  route  in  Thomas  Dome  in¬ 
halation  chambers  for  1  year  using  a  work  week  schedule  of  6 
hours/day,  5  days/week  with  holidays  and  weekends  excluded  to 
simulate  a  human  industrial  exposure  regimen.  Each  exposure 
group  consisted  of  100  male  and  100  female  Fischer  344  rats  and 
100  male  and  100  female  C57BL/6  mice.  Another  group  with  the 
same  numbers  of  animals  was  held  at  the  Veterinary  Sciences 
Division  Building  (Vivarium)  to  serve  as  controls. 

Following  the  exposure  period,  105  of  the  rodents  from  each 
group  were  sacrificed  while  the  remaining  rodents  were  held  for 
postexposure  observation  for  1  additional  year. 

The  experimental  protocol  for  the  1-year  inhalation  exposure 
of  rats  and  mice  to  Petroleum  JP-4  vapor  can  be  found  in  a  previ¬ 
ous  annual  report  (MacEwen  and  Vernot,  1980).  Body  weight  data 
as  well  as  results  of  clinical  tests  through  the  1-year  postexpo¬ 
sure  period  are  detailed  in  a  later  annual  report  (MacEwen  and 
Vernot,  1983). 

Histopathologic  evaluation  of  the  tissues  harvested  at  all 
sacrifice  periods  is  presently  taking  place.  It  is  anticipated 
that  an  evaluation  of  these  data  will  be  available  for  the  next 
annual  report. 

NINETY-DAY  CONTINUOUS  INHALATION  EXPOSURE 
TO  PETROLEUM  JP-4  JET  FUEL 

Petroleum  derived  JP-4  was  selected  as  part  of  a  comparative 
series  of  studies  on  the  chronic  effects  of  inhaled  hydrocarbon 
fuels.  Following  the  exposure  portion  of  this  study  all  dogs  and 
one  third  of  the  rodents  were  necrcpsied  to  assess  chronic  toxic¬ 
ity  effects  in  primary  tissues.  The  remaining  rodents  were  held 
for  an  additional  19  months  at  which  time  half  the  remaining 
rodents  were  killed.  The  final  sacrifice  of  rodents  took  place 
at  21  months  postexposure  (2  years  on  study).  Each  exposure  and 
control  group  of  animals  consisted  of  75  male  and  75  female 


Fischer  344  rats,  150  female  C57BL/6  mice,  and  6  purebred  beagle 
dogs  equally  divided  by  sex. 

Information  on  the  experimental  protocol,  methodology  of 
inhalation  exposure,  and  clinical  data  obtained  during  the  90-day 
exposure  phase  was  given  in  a  previous  annual  report  (MacEwen  and 
Vernot,  1980).  Clinical  observations  during  the  postexposure 
observation  period  and  histopathologic  evaluation  of  the  exposed 
animals  necropsied  at  the  end  of  the  90-day  exposure  phase  were 
presented  in  a  later  annual  report  (MacEwen  and  Vernot,  1984). 

The  examination  of  tissue  from  the  animals  that  died  during 
the  postexposure  observation  period  or  were  killed  at  study  ter¬ 
mination  is  not  yet  complete  and  will  be  discussed  in  a  future 
report. 


NINETY-DAY  CONTINUOUS  INHALATION  EXPOSURE  OF  RATS  AND  MICE 

TO  SHALE  JP-4  JET  FUEL 

The  Air  Force  has  embarked  on  a  test  and  evaluation  program 
to  ensure  the  compatibility  of  shale  derived  turbine  fuels  with 
aircraft  systems  when  introduced  operationally  at  Air  Force  bases 
in  late  1983.  Shale  derived  JP-4  is  included  in  this  program. 

Since  the  first  test  fuel  supplied  by  Geokinetics  Corpo¬ 
ration  and ’the  fuel  to  be  used  later  in  the  operational  valida¬ 
tion  program  will  be  produced  from  different  shale  crudes  and  at 
two  different  refineries,  it  was  decided  to  perform  acute  and 
subchronic  toxicity  studies  with  both  fuels.  Studies  performed 
with  the  Geokinetics  JP-4  test  fuel  was  t.o  provide  the  data  base 
for  environmental  and  health  assessments  at  the  first  operational 
base  and  allow  comparison  of  source  variability  on  bioassay  re¬ 
sults.  Longer  term  oncogenic  studies  will  be  conducted  on  the 
operational  validation  fuel  to  assess  the  chronic  toxicity  and 
the  carcinogenic  properties  of  a  fuel  derived  and  processed  dif¬ 
ferently  from  existing  aircraft  hydrocarbon  fuels. 

Previous  studies  of  hydrocarbon  fuels  have  shown  histopatho¬ 
logic  changes  in  the  kidneys  of  male  rats  at  exposure  termination 
(MacEwen  and  Vernot,  1978,  1981).  Due  to  the  similarity  of  the 
fuels,  it  was  highly  likely  that  renal  damage  would  result  in 
male  rats  exposed  to  Shale  JP-4.  In  order  to  further  evaluate 
this  renal  toxicity,  routine  urinalysis  and  serial  sacrifices  of 
male  rats  for  tissue  examination  were  included  in  this  study. 
Sampling  in  this  manner  would  allow  for  microscopic  evaluation  of 
kidney  tissue  alterations  prior  to  the  onset  of  chronic  nephro¬ 
pathy  common  to  older  rats. 
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This  study  was  designed  to  determine  the  toxic  effects  of  a 
90-day  continuous  exposure  of  rats  and  mice  to  Shale  derived  JP-4 
vapor  for  comparison  with  the  previous  90-day  Petroleum  JP-4 
study  (MacEwen  and  Vernot,  1980).  The  conditions  were  selected 
to  conform  with  the  other  fuel  studies  conducted  in  the  THRU 
laboratory  . 

The  JP-4  Shale  fuel  used  was  a  complex  mixture  of  aliphatic 
and  aromatic  hydrocarbon  compounds  including  various  additives. 
Minor  revisions  from  Petroleum  JP-4  military  specifications  were 
made  to  the  procurement  specification  requirements.  These  are: 

Aromatic  content  (min)  -  9%  (by  volume) 

Nitrogen  (max)  -  20  ppm  by  weight 

Mice  and  rats  were  exposed  to  500  mg/m3  and  1000  mg/m3  Shale 
JP-4  vapor  on  a  continuous  basis  for  90  days.  For  these  pur¬ 
poses,  two  Thomas  Dome  chambers  were  utilized.  Sham  exposed 
controls  were  maintained  in  a  separate  but  identical  chamber. 

Each  chamber  housed  95  male  and  75  female  Fischer  344  rats  and 
100  male  and  100  female  C57BL/6  mice. 

The  exposures  of  rats  and  mice  began  in  December  1983  and 
terminated  in  March  1984.  Following  completion  of  the  90-day 
exposure,  15  rats  and  25  mice  of  each  sex  were  killed  and  tissue 
collected  for  examination.  Additional  samplings  were  conducted 
(10  male  rats  per  group)  at  2  weeks,  2  months,  and  9  months  post¬ 
exposure.  All  remaining  animals  will  be  necropsied  during  the 
24th  month  of  the  study  (December  1985). 

At  each  of  the  interim  sacrifice  periods,  blood  and  urine 
samples  were  also  collected  from  the  rats  for  examination.  Rat 
organ  weights  were  measured  at  exposure  termination  and  at  9 
months  postexposure.  Body  weights  of  the  rats  and  mice  were 
routinely  measured  during  the  course  of  the  exposure  and  are  also 
being  followed  postexposure. 

The  last  annual  report  (MacEwen  and  Vernot,  1984)  details 
the  experimental  protocol  for  the  90-day  inhalation  exposure  of 
rats  and  mice  to  Shale  derived  JP-4  fuel  and  gives  results  of 
exposure  effects  on  urine,  blood,  and  organ  weights  of  animals 
killed  at  exposure  termination  and  at  2  weeks  postexposure. 


Results 

Mean  body  weights  for  the  rat  groups  obtained  on  a  biweekly 
schedule  through  90  days  of  exposure  and  monthly  thereafter  are 
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TABLE  26.  BODY  WEIGHTS'1  OF  MALE  FISCHER  344  RATS 
EXPOSED  TO  SHALE  JP-4  FOR  90  DAYS 


Weighing 

Period 


Control 


500  me 


Exposure 


0  Days 
2  Weeks 
4  Weeks 
6  Weeks 
8  Weeks 
10  Weeks 
12  Weeks 


211  ±  1.0 
248  ±1.0 
271  ±  2.0 
282  ±  2.0 
298  ±  2.0 
308  ±  2.0 
317  ±  2.0 


210  ±  1.0 
242  ±  1.0° 
266  ±  1.0° 
274  ±  2.0° 
292  ±  2.0° 
306  ±  2 . 0C 
316  ±  2.0 


210  ±  2.0 
238  ±  1.0° 
256  ±  1.0* 
271  ±  2.0° 
288  ±  2.0° 
302  ±  2.0* 
307  ±  2.0* 


Postexposure 


2  Weeks 

1  Month 

2  Months 

3  Months 

4  Months 

5  Months 

6  Months 

7  Months 

8  Months 

9  Months 

10  Months 

11  Months 


329  ± 
350  ± 
372  ± 
392  + 
410  + 
418  ± 
426  ± 
445  ± 
448  ± 

454  ± 

455  ± 
455  ± 


324  ± 
347  + 
366  ± 
387  ± 
404  + 
411  ± 
422  ± 

438  ± 

439  ± 
446  ± 

444  ± 

445  ± 


+  2.0° 
±  2.0b 
±  2.0b 
+  3.0b 
+  3.0b 
±  4 . 0° 
±  3.0° 
±  3.0* 
±  3.0° 
±  3.0* 
±  3.0° 
±  4.0° 


a  Mean  (grams)  ±  SE. 
b  Different  from  control,  p  <■  0.01 
c  Different  from  control,  p  <  0.05 


TABLE  27.  BODY  WEIGHTS4  OF  FEMALE  FISCHER  344  RATS 
EXPOSED  TO  SHALE  JP-4  FOR  90  DAYS 


Weighing 

Period  Control 


Exposure 


0 

Days 

137 

+ 

1.0 

2 

Weeks 

156 

+ 

1.0 

4 

Weeks 

162 

± 

1.0 

6 

Weeks 

167 

± 

1.0 

8 

Weeks 

174 

± 

1.0 

10 

Weeks 

17" 

± 

1.0 

12 

Weeks 

177 

± 

1.0 

Post expos ure 


2 

Weeks 

190 

+ 

1.0 

1 

Month 

198 

+ 

1.0 

2 

Months 

205 

+ 

1.0 

3 

Months 

211 

± 

1.0 

4 

Months 

217 

± 

1.0 

5 

Months 

221 

± 

2.0 

6 

Months 

224 

± 

2.0 

7 

Months 

236 

± 

2.0 

8 

Months 

237 

± 

2.0 

9 

Months 

246 

± 

3.0 

10 

Months 

249 

+ 

3.0 

11 

Months 

247 

+ 

3.0 

500 

m 

g/m2 

1000  i 

mg/m3 

133 

+ 

1.0b 

136 

+ 

1.0 

155 

± 

1.0 

152 

± 

1 .0b 

162 

± 

1.0 

162 

± 

1.0 

163 

± 

1.0b 

165 

± 

1.0 

172 

± 

1.0 

171 

± 

1.0b 

176 

± 

1.0 

174 

± 

1.0 

177 

± 

1.0 

175 

± 

1.0 

185 

+ 

1.0b 

186 

+ 

1.0b 

191 

+ 

1.0b 

190 

+ 

1.0b 

197 

± 

1.0b 

199 

± 

1.0b 

204 

± 

1.0b 

206 

± 

1 .0b 

210 

± 

1.0b 

211 

± 

1.0b 

212 

± 

1.0b 

215 

± 

1.0b 

217 

± 

1.0b 

220 

± 

2.0b 

228 

± 

2.0b 

231 

± 

2.0b 

229 

± 

2.0b 

231 

± 

2.0b 

237 

X 

2 ,0b 

240 

± 

2.0b 

238 

+ 

2.0b 

244 

t 

3 . 0b 

238 

± 

2.0b 

243 

± 

3 . 0b 

a  Mean  (grams)  + 
b  Different  from 


SE. 

control,  p  <;  0.01. 


Blood  values  from  male  rats  sacrificed  at  2  months  postexpo¬ 
sure  and  from  male  and  female  rats  sacrificed  at  9  months  post¬ 
exposure  are  s!immarized  in  Tables  28,  29,  and  30,  respectively. 
Blood  values  determined  in  the  male  rats  sacrificed  at  2  months 
postexposure  all  are  within  normal  limits  for  Fischer  344  male 
rats. 


The  blood  values  from  both  male  and  female  rats  appear  to  be 
within  normal  parameters.  Although  statistically  significant 
differences  are  noted,  the  variations  are  within  normal  biologi¬ 
cal  limits. 


72 


TABLE  28.  MALE  FISCHER  344  RAT  BLOOD  PARAMETERS4  2  MONTHS 
AFTER  90-DAY  EXPOSURE  TO  SHALE  DERIVED  JP-4  VAPORS 


Control 

500 

mg/m3 

1000 

_m J 

3/m3 

WBC 

(xlO3  cells/mm3) 

5.9 

-t 

0.3 

5.9 

± 

0.3 

5.5 

± 

0.2 

RBC 

(xlO6  cells/ mm3) 

8.40 

+ 

0.21 

8.33 

± 

0.19 

8.20 

± 

0.20 

HGB 

(gm/dl) 

15.4 

+ 

0.4 

15.2 

+ 

0.3 

15.0 

+ 

0.3 

HCT 

(%) 

42.1 

+ 

1.0 

41.6 

+ 

1.0 

40.7 

+ 

1.0 

MCV 

(pm3) 

50.2 

+ 

0.2 

50.5 

+ 

0.2 

49.7 

+ 

0.1 

MCH 

(Pg) 

18.3 

+ 

0.1 

18.2 

+ 

0.1 

18.3 

+ 

0.1 

MCHC 

(gm/dl) 

36  .6 

0.2 

36  .5 

+ 

0.3 

36.8 

+ 

0.3 

BUN 

(mg/dl) 

18.7 

+ 

1.2 

20.0 

± 

0.3 

18.5 

± 

0.6 

Creatinine  (mg/dl) 

0.6 

+ 

0.03 

0.6 

± 

0.03 

0.5 

± 

0.03 

a  Mean  ±  SE,  N  =  10. 

TABLE  29.  MALE  FISCHER  344  RAT  BLOOD  PARAMETERS4  9  MONTHS 
AFTER  EXPOSURE  TO  SHALE  DERIVED  JP-4  VAPORS  FOR  90  DAYS 


Control0 

500 

mg/m3 

1000 

JHJ 

3/m3 

WBC  ( x 1 0 3  cells/mm3) 

7.4 

± 

0.5 

7.2 

± 

0.3 

7.8 

± 

0.4 

RBC  (xlO6  cells/mm3) 

9.17 

+ 

0.14 

9.21 

+ 

0.2 

9.14 

+ 

0.1 

HGB  (g/dl) 

16.0 

± 

0.2 

16.1 

± 

0.4 

16.2 

± 

0.3 

HCT  (%) 

44.9 

± 

0.7 

45.4 

± 

1.0 

45.6 

± 

0.9 

MCV  (pm3) 

48.9 

± 

0.3 

49.3 

± 

0.2 

49.9 

± 

0.4d 

MCH  (pg) 

17.4 

± 

0.2 

17.5 

± 

0.1 

17.7 

± 

0.1 

MCHC  (g/dl) 

35.6 

± 

0.3 

35.5 

± 

0.2 

35.4 

± 

0.2 

Glucose  (mg/dl) 

196 

+ 

17 

224 

± 

26 

254 

± 

23 

Tot.  Pro.  (g/dl) 

7.2 

+ 

0.1 

7.0 

+ 

0.1 

7.1 

+ 

0.1 

Albumin  (g/dl) 

1.0 

+ 

0.0 

1.0 

+ 

0.0 

1  .0 

+ 

0.0 

Globulin  (g/dl) 

6  .2 

+ 

0.1 

6.0 

+ 

0.1 

6.1 

+ 

0.1 

A/G  Ratio 

0.157 

+ 

0.001 

0.160 

± 

0.002 

0.157 

+ 

0.004 

BUN  (mg/dl) 

20.1 

+ 

0.8 

17.6 

± 

0.5 

17.5 

± 

0.5C 

Creatinine  (mg/dl) 

0.70 

+ 

0.04 

0.74 

+ 

0.05 

0.70 

+ 

0.02 

Calcium  (mg/dl) 

11.2 

+ 

0  .2 

10.9 

± 

0.1 

11.3 

± 

0.2 

SGOT  ( IU/L) 

150 

± 

14 

115 

± 

5d 

112 

+ 

8d 

SGPT  (IU/L) 

84 

± 

4 

68 

± 

4C 

65 

± 

5d 

Aik.  Phos.  (IU/L) 

114 

± 

7 

98 

± 

5 

92 

± 

5d 

Bilirubin  (mg/dl) 

0.12 

± 

0.01 

0.10 

± 

0.0 

0.11 

± 

0.01 

a  Mean  ±  SE,  N  =  10. 

i- 

u  N  =  9  in  control  group. 
c  Different  from  control,  p  <  0.05. 
d  Different  from  control,  p  <  0.01. 
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TABLE  30.  FEMALE  FISCHER  344  RAT  BLOOD  PARAMETERS4  9  MONTHS 
AFTER  EXPOSURE  TO  SHALE  DERIVED  JP-4  VAPORS  FOR  90  DAYS 

Control^  500  mg/m3  1000  mg/m3 


WBC  (xlO3  cells/mm3) 
RBC  (xlO6  cells/mm3) 
HGB  (g/d 1 ) 

HCT  (%) 

MCV  (um3) 

MCH  (pg) 

MCHC  (g/dl) 

Glucose  (mg/dl) 

Tot.  Pro.  (g/dl) 
Albumin  (g/dl) 
Globulin  (g/dl) 

A/G  Ratio 
BUN  (mg/dl) 
Creatinine  (mg/dl) 
Calcium  (mg/dl) 

SGOT  ( IU/L) 

SGPT  (IU/L) 

Aik.  Phos.  (IU/L) 
Bilirubin  (mg/dl) 


4.1 

± 

0.3 

4.2 

± 

7.34 

± 

0.29 

8.09 

± 

15.7 

± 

0.3 

16 .1 

± 

39.3 

+ 

1.6 

43.6 

± 

53.5 

± 

0.2 

53.9 

± 

21.7 

+ 

1.0 

19.9 

± 

40.5 

± 

1.8 

36.9 

± 

232 

± 

17 

209 

± 

8.39 

± 

0.06 

8.14 

i 

1.18 

+ 

0.01 

1.15 

t 

7.20 

+ 

0.06 

6  .98 

+ 

0.164 

+ 

0.001 

0.165 

+ 

21.7 

+ 

1.0 

19.9 

+ 

0.76 

+ 

0.03 

0.74 

+ 

11.8 

+ 

0.1 

11.5 

± 

87 

+ 

3.0 

87 

± 

55 

± 

3.0 

54 

+ 

93 

+ 

7.0 

86 

± 

0.17 

± 

0.02 

0.18 

± 

0.2  4.2  ±  0.3 

0 . 13b  7.98  ±  0.14 

0.2  16.0  ±  0.2 

0.7  42.9  ±  0.8 

0.1  53.8  ±  0.1 

0.1  20.0  ±  0.2 

0.3  37.3  ±  0.3 

14  248  ±  20 

0.11  7.99  ±  0.11 

0.02  1.11  ±  0.02 

0.09  6.88  ±  0.12 

0.002  0.161  ±  0.002 

0.7  22.7  ±  1.0 

0.02  0.65  ±  0.02b 

0.1  11.1  ±  0.2° 

5.0  80  ±  3.0 

2.0  55  ±  2.0 

5.0  84  ±  5.0 

0.02  0.17  ±  0.02 


a  Mean  ±  SE  (N). 

b  Different  from  control,  p  <  0.05. 
c  N  =  8. 


A  summary  of  the  organ  weights  of  male  and  female  rats  sac¬ 
rificed  at  9  months  postexposure  is  given  in  Tables  31  and  32, 
respectively.  No  significant  differences  were  noted  in  any  of 
the  measured  parameters  in  either  sex  of  rats.  Significant  dif¬ 
ferences  in  the  male  kidney  and  liver  weights  previously  seen  at 
the  sacrifice  immediately  following  the  30-day  exposure  are  no 
longer  evident. 

Values  from  urine  samples  collected  from  the  male  rats  at 
the  2  and  9-month  postexposure  sacrifices  were  statistically 
analyzed  for  differences  in  osmolality  and  pH.  A  significant 
decrease  in  osmolality  was  seen  in  both  test  groups  at  each  exam¬ 
ination  period  when  compared  to  the  control  values  (Table  33). 
This  is  consistent  with  effects  seen  at  exposure  termination  and 
at  the  2-week  interim  sacrifice  periods.  No  consistent  pH  dif¬ 
ferences  were  noted  among  the  groups  as  shown  in  Table  34. 
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TABLE  31.  BODY  AND  ORGAN  WEIGHTS  OF  WALE  FISCHER  344 
RATSa  EXPOSED  TO  SHALE  JP-4  VAPORS  FOR  90  DAYS; 

9  MONTHS  POSTEXPOSURE 


Treatment 

Group 

Mean  Weight  in  Grams 

n>  of 

Body  Weight 

Body 

Spleen 

Liver 

Kidney 

Spleen 

Liver 

Kidney 

Control 

438 

0.73 

11.90 

3.12 

0.17 

2.72 

0.71 

500  mg/m3 

434 

0.78 

12.04 

3 .17 

0.18 

2.77 

0.73 

1000  mg/m3 

424 

0.77 

11.87 

3.18 

0.18 

2.81 

0.75 

a  N  -  10. 


TABLE  32.  BODY  AND  ORGAN  WEIGHTS  OF  FEMALE  FISCHER  344 
RATSa  EXPOSED  TO  SHALE  JP-4  VAPORS  FOR 
90  DAYS;  9  MONTHS  POST  EXPOSURE 


Treatment  _ Mean  Weight  in  Grams _ %  of  Body  Weight 


Group 

Body 

Spleen 

Liver 

Kidney 

Spleen 

Liver 

Kidney 

Control 

235 

0.51 

6.20 

1.80 

0.22 

2.65 

0.77 

500  mg/m3 

227 

0.52 

6.14 

1.80 

0.23 

2.71 

0.79 

1000  mg/m3 

232 

0.51 

6.13 

1.74 

0.22 

2.66 

0.75 

a  N  -  10. 

TABLE  33.  URINARY  OSMOLALITY  VALUES  OF  MALE  FISCHER  344  RATS 

EXPOSED  TO  SHALE  JP-4  VAPORS 


Treatment 

mg/m3 


_ _ _ _ Osmolality8, _ 

0  Days  .  90  Days  2  Wks  Post  2  Mos  Post  9  Mos  Polt 


Control 

500 

1000 


1497 

± 

100 

1197 

i 

109 

1944 

± 

206 

2030 

± 

125 

1395 

± 

129 

1877 

± 

174 

882 

± 

93b 

1129 

± 

91c 

1238 

± 

91c 

961 

± 

81' 

1645 

± 

208 

785 

± 

69° 

1126 

± 

59° 

1249 

± 

77° 

935 

± 

110' 

Mean  ±  SE  (expressed  as  millismols/liter) ,  N  -  10. 
Different  from  control,  p  <  0.05. 
c  Different  from  control,  p  <  0.01. 
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TABLE  34.  URINARY  pH  VALUES  OF  MALE  FISCHER  344  RATS 
EXPOSED  TO  SHALE  JP-4  VAPORS 


Treatment  _ pH  Value& 


mg  /m3 

0  Days 

90 

Days 

2  Wks 

Post 

2  Mos 

Post 

9  Mos 

Post 

Control 

7.30  ±  0.15 

6.75 

+  0.13 

6.55  ± 

0.05 

8.30 

+ 

0.81 

6.8  ± 

0.10 

500 

7.35  +  0. 15 

6.95 

±  0.16 

6.70  ± 

0.11 

8.10 

± 

0.15 

7.2  ± 

0.10' 

1000 

7.60  ±  0.15 

7.05 

±  0.16 

6.85  ± 

0.08b 

8.45 

± 

0.50 

6.9  ± 

0.20 

a  Mean  ±  SE,  N  =  10. 

13  Different  from  control,  p  <  0.05. 
c  Different  from  control,  p  <  C.01. 


This  study  is  scheduled  for  termination  in  December  1985. 
Subsequent  annual  reports  will  contain  additional  experimental 
data  as  they  become  available. 


PULMONARY  MECHANICS,  DYNAMICS,  AND  GAS  EXCHANGE  IN  MALE  RATS 
WITH  EMPHYSEMA,  FIBROSIS  OR  PNEUMONIA  COMPARED 
WITH  RATS  EXPOSED  TO  SHALE  JP-4  FUEL 

As  part  of  the  testing  designed  to  evaluate  the  effects  of 
90-day  continuous  exposure  to  Shale  derived  JP-4  jet  fuel,  pulmo¬ 
nary  function  parameters  were  evaluated  in  male  rats  immediately 
after  87  days  continuous  exposure  to  Shale  JP-4.  Papain  and 
bleomycin  were  instilled  into  the  lungs  of  male  rats  to  induce 
emphysema  and  fibrosis,  respectively.  These  groups,  along  with 
one  found  to  have  viral  pneumonia  on  receipt,  were  also  tested  to 
provide  positive  controls  for  the  Shale  JP-4  group  and  to  evalu¬ 
ate  the  sensitivity  and  pattern  of  response  of  the  pulmonary 
function  tests  in  characterizing  these  diseases. 


METHODS 


Plethysmograph  System 

All  pulmonary  function  measurements  were  made  with  a  semi- 
automated,  constant  pressure  plethysmograph  (Figure  2)  which  was 
constructed  from  acrylic  plastic  (25.4  era  long,  6.3  cm  ID)  and 
contained  a  removable  hemicylindrical  acrylic  shelf  upon  which 
the  intubated  animals  were  placed.  A  system  of  straight-through, 
3/8"  diameter,  computer  controlled  (Hewlett  Packard  9845B)  sole¬ 
noid  valves  (Valves  1-7  in  Figure  2,  VACOA,  Bohemia,  New  York) 


•  OiCNOiD  VAIVI 


Figure  2.  Computerized,  semiautomated  plethysmograph  system  for 
measuring  pulmonary  mechanics,  dynamics,  gas  distri¬ 
bution,  and  gas  exchange  in  rats. 


and  bidirectional  valves  (Valves  8-10;  Skinner,  New  Britain, 
Connecticut)  connected  to  the  tracheal  tube  manifold  allowed 
switching  of  the  tube  to:  (1)  a  flow-by  system  containing  a  4% 
Halothane-96%  oxygen  mixture  fcr  continued  anesthesia;  (2)  a 
respirator  (Harvard  680,  wills,  Massachusetts)  for  hyperventila¬ 
tion;  (3)  positive  or  negative  pressure  reservoirs  for  forced 
maneuvers;  (4)  a  port  for  carbon  monoxide  (C180)  diffusion  gas 
mixture  insertion  and  withdrawal  and  a  mass  spectrometer  probi 
( Balzers  QMG511,  Hudson,  New  Hampshire).  The  20  L  pressure  res¬ 
ervoirs  were  regulated  (Fairchild,  Winston-Salem,  North  Carolina) 
at  +30  and  -30  cm  H2O,  respectively.  Flow  rates  were  calculated 
by  measuring  the  pressure  drop  (Validyne  MP45  +  2.25  cm  H2O) 
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across  8  layers  of  400  mesh  stainless  steel  screen  (1.7  cm  in 
diameter).  Volume  was  obtained  by  computer  integration.  The 
frequency  response  of  the  plethysmograph  was  evaluated  (Jackson 
and  Vinegar,  1979)  and  the  construction  altered  (Sinnett  et  al., 
1981)  until  the  gain  of  the  plethysmograph  was  flat  to  *50  Hz. 


Animal  Preparation 

Fischer  344  male  rats  (Charles  River),  175-225  g,  were  used. 
Quality  control  examinations  during  the  quarantine  period  includ¬ 
ing  bacteriology,  gross  and  histopathology ,  showed  the  animals 
were  in  good  heeTth.  The  animals  had  food  (Purina  Formulab 
#5008)  and  softened  water  (<17  ppm  calcium  carbonate)  ad 
libitum.  After  anesthetization  for  5  minutes  in  the  Halothane- 
oxygen  induction  chamber,  the  rat  was  intubated  (Nicholson  and 
Kinkead,  1982)  using  a  modified  14  gauge  intravenous  catheter 
(Mauderly,  1975).  The  rat  was  then  placed  on  the  hemicy lindrical 
shelf  and  the  intubation  tube  attached  to  the  manifold.  A 
shortened  infant  feeding  tube  (5  French)  was  then  inserted  to 
measure  esophageal  pressure  (Century  Technology,  CP-01-DP, 
Inglewood,  California)  as  an  estimate  of  interpleural  pressure. 
Transpulmonary  pressure  (PTP)  was  measured  with  the  reference 
side  of  the  esophageal  pressure  transducer  connected  to  the 
airway  with  a  second  water  filled  catheter.  The  esophageal 
catheter  was  positioned  within  the  esophagus  to  maximize  the  PTP 
signal.  The  depth  of  anesthesia  was  maintained  by  adjusting  the 
Halothane  concentration  to  produce  a  spontaneous  breathing  rate 
of  60  ±  5  B/M.  The  entire  pulmonary  function  testing  procedure 
took  30  minutes  to  perform. 


Pulmonary  Resistance  (RL)  and  Compliance  (Cdyn) 

To  produce  a  standard  lung  volume  reference  prior  to  each 
measurement,  the  respiration  rate  was  stabilized  at  60  ±  5  B/M 
and  then  the  rat  was  hyperventilated  (2  breaths:  Vt  =  6  mL, 
f  =  80  B/M).  After  a  5  second  pause,  flow  and  PTP  were  sampled 
at  100  Hz  for  10  seconds.  Cdyn  was  calculated  (Amdur  and  Mead, 
1958)  as  the  difference  in  flow  integrated  volume  divided  by  the 
concomitant  change  in  PTP  at  zero  flow.  RL  was  calculated  as  t.ie 
difference  in  PTP  divided  by  the  concomitant  difference  in  flow 
at  points  of  equal  volume.  The  RL,  Cdyn,  and  tidal  volume  (VT) 
values  were  averaged  over  all  breaths  in  the  10  second  data  ac¬ 
quisition  period. 
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Diffusion  Capacity  (DLCO)  and  Lung  Volumes 

After  again  stabilizing  the  respiration  rate  at  60  ±  5  B/M, 
the  rat  was  hyperventilated  for  30  seconds  (Vt  =  6  mL,  f  =  80 
B/M)  to  produce  apnea  and  standardize  the  lung  volume.  During 
the  apneic  period,  the  lungs  were  inflated  to  PTP  =  25  cm 
using  a  syringe  attached  to  the  tracheal  tube  manifold  and  con¬ 
taining  0.5%  Cl80,  0.5%  He,  balance  air.  The  lungs  were  held 
inflated  for  6  seconds  and  then  deflated  to  residual  volume  (RV) 
defined  as  the  lung  volume  at  PTP  =  -25  cm  H2O.  PTP,  flow,  He, 
and  Cl80  concentrations  were  measured  through  the  entire  maneuver 
using  the  mass  spectrometer.  DLCO  (Takezawa  et  al. ,  1980  and 
Graham  et  al.,  1981),  total  lung  capacity  (TLC),  apneic  expira¬ 
tory  reserve  volume  (AERV)  and  residual  volume  (RV)  were 
calculated. 


Partial  Forced  Vital  Capacity 

After  stabilizing  and  hyperventilating  to  produce  apnea,  a 
partial  followed  immediately  by  a  full  forced  vital  capacity 
maneuver  was  performed  (Bouhuys,  1977).  The  rat  was  sequenced 
through:  (1)  slow  inspiration  (3  mL/sec)  to  PTP  =  10  cm  H2O,  (2) 

fast  expiration  to  PTP  =  -25  cm  H2O,  (3)  slow  inspiration  to  PTP 
=  25  cm  H2O,  and  (4)  fast  expiration  to  PTP  =  -25  cm  H2O.  These 
forced  vital  capacities  (FVC;  both  partial  and  full)  were  added 
to  the  previously  determined  RV  and  the  following  parameters  were 
calculated:  peak  expiratory  flow  rate  (PEFR) ,  maximum  expiratory 

flow  rates  at  80%  TLC  (MEFR),  difference  in  flow  rates  between 
the  full  and  partial  manuevers  at  80%  TLC  and  forced  expired 
volume  in  0.1  seconds  (FEV.l). 


Quasistatic  Compliance  and  Clocing  Volume 

After  switching  to  a  4%  halothane  -  96%  air  mixture,  stabi¬ 
lizing  and  hyperventilating  to  produce  apnea,  the  flow-by  system 
was  rapidly  reflushed  with  the  halothane-oxygen  mixture.  A  slow 
inspiration  was  then  made  to  PTP  =  25  cm  H2O  followed  by  a  slow 
expiration  (1  mL/sec)  to  PTP  =  -25  cm  H2O.  PTP,  flow,  and  N2 
concentrations  were  sampled  during  the  expiration  maneuver.  The 
slope  of  the  transpulmonary  pressure-volume  curve  between  0  and  7 
cm  H2O  was  calculated.  In  addition,  from  the  %  N2-volume  curve, 
the  slope  of  phase  III  was  calculated  by  regression  and  the  clos¬ 
ing  volume  was  measured  as  the  volume  at  the  inflection  point  of 
phase  IV  (Likens  and  Mauderly,  1982). 
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Emphysema,  Fibrosis,  and  Pneumonia 

To  generate  emphysema  or  fibrosis,  the  rats  were  anesthe¬ 
tized  with  4%  Halothane,  intubated  and  one  dose  of  30  IU/100  g  of 
papain  (Sigma)  in  0.9%  saline  or  0.7  IU/100  g  bleomycin  (Sigma) 
in  0.9%  saline  were  i n t ra t rachea 1 ly  instilled,  respectively. 
Control  animals  wore  dosed  with  0.1  mL/100  g  0.9%  saline.  All 
animals  were  studied  2  weeks  after  dosing.  The  pneumonia  study 
was  performed  in  a  group  of  rats  found  infected  with  rat 
coronavi rus . 


Histopathology 

In  order  to  provide  rapid  fixation  and  to  maintain  the  di¬ 
mensions  and  configurations  of  the  lung  tissue  at  approximately 
total  lung  capacity,  the  lungs  taken  for  micropathologic  examina¬ 
tion  were  fixed  with  formalin  for  4  hours  by  airway  perfusion  at 
a  constant  pressure  of  20  cm  of  water.  A  complete  horizontal 
section  was  embedded  in  paraffin  blocks  for  slide  preparation. 

The  level  of  emphysema  was  quantitated  by  calculating  the  mean 
linear  intercept  (Weibel,  1963). 


Data  Analysis 

Pulmonary  function  measurements  were  analyzed  by  multivari¬ 
ate  analysis  of  variance  for  repeated  measures  (Dixon,  1983). 
Significant  effects  were  defined  as  F  values  with  p  <  0.05. 


RESULTS 

Table  35  presents  the  results  of  the  battery  of  pulmonary 
function  tests  obtained  from  rats  intratracheally  instilled  with 
papain  or  bleomycin  to  produce  emphysema  or  fibrosis.  The 
bleomycin  treated  rats  show  significantly  reduced  lung  volumes 
and  flow  rates  consistent  with  a  pattern  of  restrictive  lung 
disease  expected  in  pulmonary  fibrosis.  The  papain  treated  rats 
show  a  different  pattern  with  significant  changes  in  lung 
volumes,  compliance,  flow  rates,  gas  distribution,  and  CO 
diffusion  consistent  with  the  obstructive  lung  disease  expected 
in  emphysema. 

Table  36  presents  the  results  from  a  group  of  rats  examined 
during  the  development  of  this  battery  of  tests.  Quality  control 
examination  of  the  lungs  revealed  mild,  patchy  pneumonitis  typi¬ 
cal  of  viral  pneumonia.  Serology  in  these  animals  was  positive 
for  rat  coronavirus/sialodacryoadenitis. 
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TABLE  35.  PULMONARY  FUNCTION  (3?  ±  SE)  IN  RATS  2  WEEKS 
AFTER  INTRATRACHEAL  INSTILLATION  OF  30  IU/100  G  PAPAIN  OR 
0.7  IU/100  G  BLEOMYCIN  DISSOLVED  IN  0.1  ML/100  G  0.9%  SALINE 


Var* able 


Control 


Papain 


Bleomycin 


We  i  gh  t 

294.2 

± 

5  .6 

282.1 

± 

4.1 

286.2 

i 

2.1 

Rdyn 

0.34 

+ 

0.02 

0.34 

+ 

0.04 

0.30 

± 

0.02 

;!  ."jj 

Cdyn 

0.17 

± 

0  .01 

0.19 

± 

0.02 

0.15 

± 

0  .01 

Cqs 

0.35 

+ 

0.02 

0.44 

± 

0.04a 

0.34 

± 

0.02 

\ .  I 

Vt 

1.5 

± 

0.05 

1.4 

± 

0.05 

1.3 

± 

0.05b 

FVC 

6  .4 

± 

0.23 

5.8 

± 

0.34 

5.7 

± 

0.21a 

,J ; 

PEFR 

75.7 

± 

3.1 

78.1 

± 

3.1 

77.2 

± 

2.6 

i 

FKV . 1/FVC 

32.8 

+ 

1.3 

34.6 

± 

1.7 

37.4 

± 

1.6a 

) 

DFR  80% 

12.4 

+ 

1  .6 

5.6 

+ 

1 .7b 

12.0 

+ 

1  .6 

.•>ij 

CV 

1.0 

+ 

0.09 

1.3 

+ 

0.07a 

0.95 

+ 

0.07 

CC 

2.81 

+ 

0 .16 

3.90 

+ 

0.21b 

2.97 

+ 

0.18 

t  .  .'is 

1  :  ojit 

Phase  III 

1.04 

+ 

0.05 

0.87 

+ 

0.08 

0.91 

+ 

0.11 

'  1  ••4 

DLCO 

0.12 

+ 

0.01 

0  10 

+ 

0.01a 

0.10 

+ 

0.01a 

■■■  i 

DLCO/VA 

0.017 

+ 

0.001 

0.013 

+ 

0.001b 

0.016 

+ 

0.001 

■  ■ 

TLC 

9.8 

+ 

0.32 

10.5 

+ 

0.55 

9.1 

+ 

0.38 

RV 

1.8 

+ 

0.12 

2.6 

+ 

0.21b 

2.0 

+ 

0.15 

r  m 

AERV 

0.69 

+ 

0.06 

0.88 

+ 

0.05b 

0.57 

+ 

0.06 

MLI 

58.8 

+ 

0.9 

86.2 

± 

3.6b 

68.3 

+ 

1.0b 

N 

19 

< 

3 

20 

a  Different  from  control,  p  <  0.05. 
13  Different  from  control,  p  <  0.01. 


Where:  weight  (g);  Rdyn:  dynamic  resistance  at  f  =  60  B/M 

(cm  H20/mL  S);  Cdyn:  dynamic  compliance  at  f  =  60  B/M  (mL/cm 
H2O);  Cqs:  quasistatic  compliance  (mL/cm  H2O) ;  Vt:  tidal  volume 
at  f  =  60  B/M;  FVC:  forced  vital  capacity;  PEFR:  peak  expira¬ 
tory  flow  rate  (mL/s);  FEV.l/FVC:  forced  expired  volume  in  0.1 
second/forced  vital  capacity  (%);  DFR  80%:  difference  between 
partial  and  full  flowrates  at  80%  TLC  (mL/s);  CV:  closing  volume 
(mL);  CC:  closing  capacity  (mL);  Phase  III:  slope  (%  N2/mL); 
DLCO:  CO  diffusion  (mL  CO/min  mm  Hg);  V A:  alveolar  volume 

TLC:  total  lung  capacity  (mL);  RV :  residual  volume  (mL) ; 

AERV:  expiratory  reserve  volume  at  apnea  (mL) ;  and  MLI:  mean  • 

linear  intercept. 
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TABLE  36.  PULMONARY  FUNCTION  (X  +  SE)  IN  RATS  INFECTED 
WITH  RAT  CORONAVIRUS  (SEE  TABLE  35  FOR  PARAMETER  DEFINITIONS) 


Variable  Control  Infected 


Weigh  t 

334  ± 

Rdyr: 

0.24  ± 

Cdyn 

0.50  ± 

Cqs 

1.01  ± 

Vt 

1.66  ± 

TLC 

15.2  ± 

RV 

2.35  ± 

AERV 

0.77  ± 

N 

10 

14 

311 

± 

22 

0.13 

0.24 

± 

0.07 

0.12 

0.40 

± 

0.11 

0.26 

0.93 

± 

0.25 

0.17 

1.42 

± 

0.26 

0.8 

13.7 

± 

2 . 6a 

0.78 

2.49 

± 

1.20 

0.56 

0.68 

+ 

0.92 

10 


a  Different 
b  Different 


from  control, 
from  control, 


p  <  0.05. 

p  0.01. 


The  data  in  Table  36  are  consistent  with  a  pattern  of  restrictive 
lung  disease  shown  in  viral  pneumonia. 

Table  37  presents  the  pulmonary  function  test  results  after 
87  days  of  exposure  to  1000  mg/m3  Shale  JP-4.  Multivariate 
analysis  found  no  significant  difference  due  to  the  Shale  JP-4 
exposure. 


TABLE  37.  PULMONARY  FUNCTION  (X  ±  SE)  AFTER  A  90-DAY 
CONTINUOUS  EXPOSURE  TO  1000  MG/M3  SHALE  JP-4 
(SEE  TABLE  35  FOR  PARAMETER  DEFINITIONS) 


Variable 

Control 

Exposed 

Weight 

351 

± 

6 

350 

± 

6 

Rdyn 

0.24 

± 

0.03 

0.34 

± 

0.05 

Cdyn 

0.36 

± 

0.06 

0.32 

± 

0.03 

Cqs 

0.75 

± 

0.02 

0.75 

± 

0.07 

Vt 

1.3 

± 

0.07 

1.1 

± 

0.08 

FVC 

8.7 

± 

0.51 

9.7 

± 

0.56 

PEFR 

66.5 

± 

4.5 

55.6 

± 

5.1 

FEV.l/FVC 

25.9 

± 

1.8 

21.0 

± 

2.1 

DFR  80% 

11.6 

± 

6.6 

6.8 

± 

2,5 

CV 

1.1 

± 

0.1 

1.7 

± 

0.3 

CC 

3.1 

± 

0.3 

3.7 

± 

0.3 

Phase  III 

0.55 

± 

0.07 

0.45 

± 

0.07 

DLCO 

0.07 

± 

0.01 

0.07 

± 

0.01 

DLCO/VA 

0.009 

± 

0.001 

0.009 

± 

0.001 

TLC 

10.5 

± 

0.5 

10.5 

+ 

0.4 

RV 

1.9 

± 

0.3 

2.0 

+ 

0.2 

AERV 

0.56 

± 

0.1 

0.37 

+ 

0.1 
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Plethysraograph  System 

The  plethysmograph  system  developed  and  depicted  in  Figure  2 
represents  the  product  of  extensive  efforts  to  provide  an  accu¬ 
rate,  precise,  and  repeatable  testing  capability  of  pulmonary 
mechanics,  dynamics,  gas  distribution,  and  gas  exchange  in  rats. 
This  development  has  included  innovations  developed  here  but  has 
also  benefited  by  inclusion  of  techniques  published  by  others. 

Use  of  halothane  as  the  anesthetic  agent  (Mauderly,  1975) 
permitted  control  and  standardization  of  the  anesthesia  level  by 
regulating  the  halothane  concentration  to  produce  a  breathing 
frequency  of  60  ±  5  B/M.  Such  adjustable  control  is  not  possible 
using  injections  of  pentobarbital  for  example.  In  addition,  the 
rats  recover  from  halothane  anesthesia  in  a  matter  of  minutes  as 
opposed  to  hours  for  pentobarbital. 

The  use  of  modified  arterial  catheters  as  intratracheal 
tubes  and  insertion  using  a  lighted-speculum  (Nicholson  and 
Kinkead,  1982)  provided  an  intubation  technique  which  was  quick 
and  repeatable.  It  sealed  the  trachea  sufficiently  to  allow 
measurement  of  test  parameters  during  forced  maneuvers. 

Construction  of  a  pressure-wave  generation  device  (Jackson 
and  Vinegar,  1979)  for  computerized  analyses  of  the  frequency 
response  of  the  plethysmograph  system,  permitted  alterations  in 
connectors,  fittings,  and  the  size  and  number  of  pneumotach 
screens  to  maximize  the  frequency  response  of  the  plethysmograph. 
Procurement  of  straight-through  solenoid  valves  reduced  the 
inertial  loss  found  in  more  common  solenoid  valves  and  improved 
the  response  during  forced  maneuvers.  The  essentially  flat  re¬ 
sponse  out  to  50  Hz  is  sufficient  to  measure  the  forced  maneuver 
flow  rates  which  have  been  shown  to  have  components  up  to  30  Hz 
(Harkema  et  al.,  1982). 

The  battery  of  tests  developed  allowed  assessment  of  pulmo¬ 
nary  mechanics  (lung  volumes,  quasistatic  pressure-volume  curve), 
pulmonary  dynamics  (resistance,  compliance,  partial  and  full 
forced  maneuvers),  gas  distribution  (closing  volume),  and  gas 
transfer  (CO  diffusion).  All  of  these  tests  are  currently  used 
for  clinical  evaluation  of  lung  function  in  man  and  should  there¬ 
fore  be  useful  in  extrapolating  from  animal  to  man.  Computeriza¬ 
tion  of  these  tests  allowed  for  test  performance  with  quick  and 
precise  calculation  of  test  parameters  which  otherwise  would  be 
too  time  consuming. 
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Shale  JP-4 


Aspiration  of  hydrocarbon  substances  (e.g.  kerosene),  leads 
to  development  of  chemical  pneumonitis  and  bronchopneumonia  and, 
in  some  cases,  emphysema  (Scharf  et  al. ,  1981).  Previous  patho¬ 
logic  results  in  animals  showed  exposure  to  Shale  JP-5  produced 
nasal  inflammation  and  RJ-4  and  RJ-5  produce  pulmonary  irritation 
(Haun,  1975).  Epidemiologic  results  suggested  jet  fuel  exposure 
induced  dyspnea  or  feelings  of  "suffocation,  pain  upon  inhala¬ 
tion,  slight  cough,  or  ache  in  the  chest"  (Knave  et  al.,  1976  and 
Davies,  1964).  All  these  data  supported  the  hypothesis  that 
Shale  JP-4  could  produce  pulmonary  dysfunction.  The  results  of 
this  study,  however,  do  not  show  any  effect  of  the  continuous 
90-day  exposure  to  1000  mg/m3  Shale  JP-4  on  measured  pulmonary 
function  parameters. 


EVALUATION  OP  STRAIN  SUSCEPTIBILITY  TO  CHRONIC  NEPHRITIS 
IN  RATS  EXPOSED  TO  SHALJ  DERIVED  JP-4  JET  FUEL 

Previous  subchronic  inhalation  studies  with  hydrocarbon 
vapors,  including  petroleum  and  shale  derived  jet  fuels,  have 
shown  a  pattern  of  toxic  nephropathy  in  male  rats  (Carpenter  et 
al.,  1975a,  1975b,  1975c,  1975d;  Gaworski  et  al.,  1979a,  1979b, 
1984;  Phillips,  1982;  and  Bruner  and  Pitts,  1982).  The  lesions 
were  described  as  greatly  accentuated  hyaline  droplets  in  prox¬ 
imal  tubular  epithelium  and  dilated,  cystic  tubules  near  the 
corticomedul lary  junction  which  were  plugged  with  necrotic  cellu¬ 
lar  debris.  T  .e  characteristic  lesion  of  hydrocarbon  nephropathy 
has  not  been  reported  in  female  rats  or  in  either  sex  of  other 
animal  species  exposed  to  hydrocarbon  vapors. 

This  lesion  has  been  described  in  male  rats  of  various 
strains,  including  Sprague-Dawley ,  Wistar,  and  Fischer  344.  In 
addition  to  the  nephropathy,  Phillips  (1982)  reports  a  signifi¬ 
cant  increase  in  urine  volume  and  decrease  in  osmolality  in 
Fischer  344  rats  following  exposure  to  Stoddard  Solvent.  Bruner 
and  Pitts  (1982)  postulate  that  one  mechanism  which  may  contrib¬ 
ute  to  the  nephropathy  is  a2U  globulin,  a  low  molecular  weight 
protein  produced  by  the  liver  of  male  rats  at  puberty  and  readily 
filtered  by  the  kidney.  This  protein  has  not  been  found  in  the 
livers  of  normal  female  rats.  Bruner  believes  that  this  protein 
could  be  the  major  constituent  of  hyaline  droplets,  and  factors 
resulting  in  its  excessive  accumulation  in  proximal  tubular  cells 
could  contribute  to  the  pathogenesis  of  hydrocarbon  nephropathy. 
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This  study  was  designed  to  determine  the  relative  suscep¬ 
tibility  to  chronic  nephropathy  of  4  rat  strains  during  and  fol¬ 
lowing  inhalation  exposure  to  1000  mg/m3  Shale  derived  JP-4  jet 
fuel.  Urine  metabolite  analysis  and  protein  measurement  are  made 
at  selected  times.  These  will  be  analyzed  for  correlation  with 
the  degree  of  chronic  nephritis  found  in  each  rat  species.  The 
exposure  conditions  were  selected  to  conform  with  previous  fuel 
studies  conducted  in  the  Toxic  Hazards  Research  Unit  laboratory. 

The  Shale  derived  JP-4  sample  used  in  this  study  is  from  the 
same  source  as  that  used  in  the  Shale  JP-4  90-day  study  previous¬ 
ly  described  and  was  subjected  to  the  same  quality  control 

measures. 

Four  strains  of  male  rats  were  exposed  to  1000  mg/m3  Shale 
JP-4  vapor  on  a  continuous  basis  for  90  days.  For  these  pur¬ 
poses,  two  Thomas  Dome  inhalation  chambers  were  utilized.  One 
chamber  contained  a  1000  mg/m3  JP-4  fuel  concentration  while  sham 
exposed  controls  were  housed  in  an  identical  chamber.  Each  cham¬ 
ber  housed  60  each  of  the  following  male  rat  strains:  Fischer 
344,  Wistar,  Sprague-Dawley ,  and  Osborne  Mendel. 

The  exposures  began  in  December  1983  and  terminated  in  March 
1984.  Interim  sacrifices  of  10  rats  per  strain  occurred  at  45 
and  90  days  of  exposure  and  at  6  and  12  months  postexposure.  All 
remaining  rats  will  be  necropsied  during  the  24th  month  of  the 
study  (December  1985). 

Organ  weights  were  measured  and  blood  and  urine  samples 
taken  after  45  and  90  days  of  exposure  in  animals  scheduled  for 
interim  sacrifice.  Organ  weights  were  measured  at  the  6  and 
12-month  postexposure  sacrifices.  Body  weights  were  -outinely 
measured  during  the  course  of  the  exposure  and  are  also  being 
followed  postexposure. 

The  previous  annual  report  (MacEwen  and  V^rnot,  1984)  de¬ 
tails  the  experimental  protocol  for  the  90-day  inhalation  expo¬ 
sure  of  the  4  rat  strains  and  gives  the  results  of  the  blood, 
urine,  and  organ  weight  measurements  of  ra ; ;s  killed  after  45  and 
90  days  exposure. 


Results 

Mean  body  weights  for  the  rat  strains  obtained  on  a  biweekly 
schedule  through  90  days  of  exposure  and  monthly  thereafter  are 
shown  in  Table  38.  The  Shale  JP-4  exposed  Sprague-Dawley  and 
Wistar  rats  began  to  show  a  statistically  significant  (p  <  0.01) 
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I JI  ,p  m 


Weighing 

Period 

0  Days 

3  Weeks 

5  Weeks 

7  Weeks 

9  Weeks 

11  Weeks 

13  Weeks 


TABLE  38.  BODY  HEIGHTS*  OF  4  STRAINS  OF  MALE 
EXPOSED  TO  SHALE  JP-4  FOR  90  DAYS 


— ~C'her  341_  Sprague-Dawlpj/ 


Wistar 


C 

T 

C 

T 

C 

T 

C 

T 

C 

T 

C 

T 

C 

T 


179.3 
183.9 
246.5 

244.3 
265.8 

258.4 

277.5 

270.6 

288.3 

285.3 

297.4 
298.0 

307.9 

304.9 


± 

t 

+■ 

+ 

+ 

4 

± 

4 

i 

i 

4 

+ 

± 

* 


1 .3 

1.3 

1.6 

1.4 

K8h 

1.6® 

2,2h 

1.5b 

2.3 

2.0 

2.4 
2.3 

2.5 

2.6 


RATS 


Osborne  Mendel 


Poste 


332.6  £  2.4 

332.2  ±  2.2 
428.1  ±  3.5 
410.0  +  3.3b 

450.3  +  5.3 

456.4  4  4.2b 
485.0  4  5.3 

473.3  ±  4.9b 

512.4  l  5.9 

493.5  ±  5.2b 

530 .6  j  6,6 
516.9  ±  5.2b 
556 .0  ±  6  .6 
538 .8  i  5 . 1 b 


xposure 


324.5 

323.1 

429.0 

415.8 

467.8 

463.8 

495.7 
484.0 
517.5 

507.9 

533.9 

517.9 

562.7 

547.7 


2.0 
2.2 
3.9 
t  3.6fc 
4.7 
t  4.5 
±  6.1 . 


5.2* 

6.5 


± 

± 

±  5.51 
±  7 .7 
±  7.3fc 
±  7.6 
±  6.9b 


279.1 
285.6 

370.4 

368.8 

402.1 

403.2 

423.5 

419.1 

440.9 

428.8 

449.2 

454.8 

461.1 

466.2 


± 

± 

± 

± 

+ 

i 

± 

± 

± 

± 

+ 


2  .6 

1.4 

2.5 
3.4 
2.9 

3.2 
3.8 
3.8 
4.°h 

4.2b 

4.3 
5.2 
4.7 
5.1 


1  Month 

2  Months 

3  Months 

4  Months 

5  Months 

6  Months 

7  Months 

8  Months 

9  Months 

10  Months 

1 1  Months 


C 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 
T 


325.5 

322.3 

350.7 

347.3 

376.3 

369.7 

393.9 

384.9 
410.5 

401.4 

423.1 
416.0 

437.7 

426.2 

448.9 

437.4 

455.7 

444.3 

458.3 

440.7 

458.7 

456.3 


± 

± 

± 

± 

± 

i 

± 

± 

+ 

i 

± 

i 

i 

4 

± 

4 

± 

i 

± 

± 

± 


2.9 

2.7 

3.4 

3.0 

3*4 

3.0b 

3.6 

3.3b 

3*?h 

3.2b 

3.9 

3.6b 

4,6h 

4.2b 

4.7k 

4 . 5b 

5.0 

4.6b 

5.2 

4.3° 

5.0 

4 . 1 b 


577.6 

559.7 

618.5 

600.5 
639.0 
622.1 

667.5 
646.8 
687.2 

662.7 

705.5 

685.5 

716.5 

699.6 

732.1 
714.0 

743.8 

714.9 
760.0 
709.4 

776.1 
724.3 


± 
± 
± 
± 
t 
t 
± 

± 

4 

* 

± 

± 

± 

i 

+ 

± 

+ 

± 

± 
i 
± 
t 


7*°h 
7 . 1 b 

7*7h 

7.2b 

8*4h 
7.9b 

8.9u 

9.0b 

9.6 

10. 0b 

10. 3, 

11. lb 

H.7 

14. 0b 

13.1 
14. 2b 

15.2 
14. 7b 

16.2 
15. 4b 
15.5 
17. 8b 


563.9 
554.6 
608.8 

590.5 

624.9 

614.6 

642.9 

635.8 

664.5 

658.2 

681.6 

678.4 

697.9 

683.4 

708.4 

694.9 

712.8 

701.9 

723.3 

700.8 

732.8 

708.3 


t 
± 
+ 

± 

i 

t 

i 

± 

± 

t 

± 

t 

± 

± 

4 

± 

4 

4 

± 

± 

± 

± 


9.3 
6.4* 
±  9.7 

7.2fc 
10. 
8.4b 
12. 4w 
8.6b 

13.4 
9.6 

13.5 


10 

18 


»  w  *  V 

12. 9b 
17.9 
12. 8b 
18.1 
13. 2b 
18.0 
13. 6b 
18.2 
14. 4b 


460.3 
'  469.4 

484.0 

491.3 

495.4 

505.7 
512.2 
521.0 

526.7 

531.5 

539.8 

544.6 
543.0 

551.9 

563.6 

572.1 

564.8 

573.1 

549.9 

565.8 
55  /  •  1 

571.9 


5,1h 

4.5b 
5.5W 
4.8b 
5.6. 
5 . 0b 


± 

± 

± 

± 

± 

± 

± 

4 

t 

± 

± 

± 


b  <Krams)  ±  SE. 

c  C  -  Znt  fr°m  co"trol.  p  <  o.Ol 
C  -  control  group.  T  -  tJst  g^up. 

depression  in  body  weight  Wfi  a 

continued  through  the  postexDO^  ^  eXposure  Period  which  has 
Fischer  344  rats"  have  TolnVtZt  Th«  “el-exposed*' 

third  month  postexposure  while  the  e  J*7  Welfeht  Since  th« 
have  outgained  their  respective  control'^  °fborne  Mendel  rats 
Period.  P  Cllve  controls  during  the  postexposure 
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5.8 
5 . 0b 
5.8 
5.3 
6.2 
5.5 

7*7h 

9.4b 

7,2h 
6 . 5b 

7‘8h 
6 . 9b 

9.3 

6  ,2b 

9.6 

5.8b 


•-  .'■V-  .  . 


.  •-.v.V.V.V.V.V.V.V.'.-. 


A  summary  of  the  organ  weights  of  the  rats  sacrificed  at 
6  and  12  months  postexposure  are  shown  in  Tables  39  and  40, 
respectively.  At  6  months  postexposure  a  statistically  signifi¬ 
cant  increase  in  the  kidney  weight  to  body  weight  ratio  was  seen 
in  the  Fischer  344  rats.  At  12  months  postexposure  none  of  the  4 
strains  showed  a  statistically  significant  kidney  weight  effect. 
In  previous  sacrifices  (45  and  4  days  exposure)  all  4  strains 
showed  statistically  significant  increases  in  mean  kidney  weights 
as  well  as  the  ratios  of  kidney  weight  to  the  mean  body  weight. 


TABLE  39.  BODY  AND  ORGAN  WEIGHTS  OF  4  RAT  STRAINS 
6  MONTHS  AFTER  BEING  EXPOSED  TO  SHALE 
DERIVED  J P-4  VAPORS  FOR  90  DAYS 


Rat 

Strain 

Treatment 

Group 

Mean  Weight  in  G^ams 

%  of 

Body  Weight 

Body 

Testis 

Liver 

Kidney 

Te  s t i s 

Liver 

K  i  d  n  e  v 

F  544 

Control 

411 

3  .22 

13  .22 

2.76 

0.78 

2  .22 

0.67 

F  344 

1000  mg/m3 

406 

3.33 

12.57 

2.90 

0.82 

3.10 

0.72a 

S-D 

Control 

692 

3.71 

23.18 

4.77 

0.54 

3.34 

0.69 

S-D 

1000  mg/m3 

676 

3.96 

21.00 

4.89 

0.59 

3.12 

0.73 

Wistar 

Control 

681 

3.93 

22.61 

4.44 

0.58 

3.34 

0.66 

Wi s  tar 

1000  mg/m3 

700 

3.83 

21.47 

4.47 

0.55 

3.07 

0.64 

0  M 

Control 

538 

4.39 

18.96 

4.41 

0.82 

3.51 

0.82 

O  M 

1000  ng/m3 

532 

4.34 

18.81 

4.55 

0.82 

3.55 

0.86 

a  Different  from  control,  p  <  0.05. 

TABLE  40.  BODY  AND  ORGAN  WEIGHTS  OF  4  RAT  STRAINS 
12  MONTHS  AFTER  BEING  EXPOSED  TO  SHALE  DERIVED 
J  P-4  VAPORS  FOR  90  DAYS 


Rat 

Treatment 

Mean  Weight 

in  Grams 

%  of 

Body  Weight 

Strain 

Group 

Body 

Testis 

Liver 

Kidney 

Testis 

Liver 

Kidney 

F  344 

Control 

440 

3.66 

13.40 

3.12 

0.83 

3.05 

0.71 

F  344 

1000  mg/m3 

430 

3.92a 

13  .24 

3.22 

0.91 

3.08 

0.75 

S-D 

Control 

791 

3.64 

23.81 

4.92 

0.47 

3.01 

0.62 

S-D 

1000  mg/m3 

709a 

3  .48 

23.64 

5.40 

0.50 

3.41 

0.78 

Wistar 

Control 

769 

3.86 

22.37 

4.72 

0.51 

2.92 

0.62 

Wistar 

1000  mg/m3 

660a 

3.42a 

22.37 

5.29 

0.52 

3.42 

0.84 

0  M 

Control 

547 

4.20 

20.15 

4.33 

0.77 

3.67 

0.79 

0  M 

1000  mg/m3 

581b 

4.50a 

22.66 

5.06 

0.78 

3.90 

0.87 

a  Different  from  control,  p  <  0.01. 
b  Different  from  control,  p  <  0.05. 


87 


The  study  is  continuing  and  further  data  will  be  presented 
in  future  annual  reports  of  THRU  activities. 


THE  EXPERIMENTAL  DETERMINATION  OF  SAFE  ATMOSPHERIC 
CONCENTRATIONS  OF  RJ-5 

A  6-month  chronic  inhalation  toxicity  exposure  to  0.15  mg/L 
RJ-5  was  conducted  with  animals  in  our  laboratory  and  reported  by 
MacEwen  and  Vernot  in  1975.  A  subnormal  weight  gain  was  noted  in 
rats  and  particularly  in  dogs  during  the  course  of  the  experi¬ 
ment.  Dogs  and  rats  (CFE  strain)  sacrificed  immediately  follow¬ 
ing  the  conclusion  of  the  exposure  showed  acute  inflammation  of 
the  lungs  as  well  as  several  cases  of  bronchopneumonia  in  the 
test  groups. 

A  high  incidence  of  alveolargenic  carcinomas  was  seen  in 
mice  held  1-year  postexposure  following  the  6-month  exposure  to 
0.15  mg/L  RJ-5.  The  mice  used  in  that  study  were  of  the  CF-1 
strain  which  is  predisposed  to  this  type  of  tumor.  To  determine 
if  this  compound  truly  possesses  oncogenic  properties,  it  was 
decided  to  do  a  more  in-depth  study  for  a  longer  time  and  to 
maintain  a  greater  number  of  animals  during  the  postexposure 
observation  period.  The  rats  and  mice  being  used  in  this  study 
are  the  strains  which  have  been  used  in  all  of  our  recent 
oncology  studies,  Fischer  344  and  C57BL/6,  respectively. 

The  experimental  protocol  designed  to  identify  toxic  effects 
and  establish  safe  exposure  limits  as  well  as  to  identify  the 
oncogenic  potential  of  RJ-5  fuel  can  be  found  in  previous  annual 
reports  (MacEwen  and  Vernot,  1980,  1981). 

Animal  body  weights  and  results  of  various  clinical  deter¬ 
minations  are  detailed  in  a  more  recent  annual  report  (MacEwen 
and  Vernot,  1983).  Tissues  harvested  at  the  conclusion  of  the 
study  have  been  processed  and  are  currently  being  evaluated  by  an 
independent  pathology  group.  The  results  of  the  histologic  exam¬ 
inations  should  soon  be  available  for  evaluation  and  interpreta¬ 
tion  and  we  expect  to  publish  a  technical  report  on  this  subject 
in  the  near  future. 


EVALUATION  OF  90-DAY  INHALATION  TOXICITY  OF  PETROLEUM 
AND  OIL  SHALE  JP-5  JET  FUEL 

These  studies  began  in  1977  and  various  phases  have  been 
presented  in  previous  annual  reports.  This  report  presents  a 
complete  summary  of  the  relevant  biological  changes  discussed  in 
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the  earlier  reports,  in  addition  to  the  results  of  the  recently 
completed  evaluation  of  the  tissues  obtained  during  the  Shale 
JP-5  study. 

Petroleum  distillates  have  been  used  as  large  scale  sources 
of  energy  for  over  100  years,  and  since  the  advent  of  the 
internal  combustion  engine,  vast  quantities  of  distillate  frac¬ 
tions  have  been  introduced  into  man's  working  environment.  The 
development  of  jet  engines  as  almost  universal  power  plants  for 
commercial  and  military  aircraft  has  led  to  the  use  of  a  number 
of  petroleum  distillate  fuels  with  special  properties.  These  are 
less  volatile  than  the  gasoline  fractions  used  in  conventional 
internal  combustion  engines. 

Despite  long  industrial  and  environmental  experience  with 
petroleum  distillates,  little  investigative  work  was  done  on  the 
toxicological  characteristics  of  these  fuels  until  Drinker  et  al. 
(1943)  exposed  groups  of  human  volunteers  to  known  concentrations 
of  gasoline  vapor.  They  found  that  for  concentrations  up  to 
0.03%  (1060  mg/m3)  the  major  complaint  was  eye  irritation.  When 
the  concentration  reached  0.26%  (9150  mg/m3)  symptoms  e^peared  of 
mild  exhilaration  and  muscular  incoordination  characteristic  of 
moderate  ethanol  ingestion.  At  a  concentration  of  1.1%  or  38,800 
mg/m3,  the  subjects  were  described  as  appearing  intoxicated,  most 
within  5  minutes. 

As  a  result  of  these  studies  and  industrial  experience,  the 
AOGIH  assigned  a  TLV  of  500  ppm  or  1760  mg/m3  to  gasoline.  Then 
in  1963,  Elkins  et  al.  pointed  out  that  the  relative  concentra¬ 
tion  of  benzene  in  air  after  evaporation  of  gasoline,  either 
totally  or  partially,  would  be  greater  than  its  volume  or  weight 
concentration  in  the  liquid  phase,  leading  to  the  possibility 
that  the  Threshold  Limit  Value  (TLV)  of  benzene  at  that  time, 

25  ppm,  might  be  exceeded  in  a  mixed  fuel  concentration  below  the 
gasoline  TLV.  In  response,  the  ACGIrf  in  1967  changed  its 
approach  in  favor  of  determining  the  TL"  on  the  basis  of  the 
content  of  benzene,  other  aromatics,  and  additives  in  gasoline  or 
petroleum  distillates. 

In  1973,  the  THRU  undertook  an  8-month  study  of  JP-4  jet 
fuel  under  a  6  hour /day,  5  day/week  exposure  regimen  (slacEwen  and 
Vernot,  1974).  In  this  experiment,  the  aim  was  to  generate  con¬ 
centrations  of  JP-4  which  contained  25  and  12.5  ppm  of  benzene 
and,  as  a  positive  control,  25  ppm  benzene  alone  which  was  the 
current  TLV.  Preliminary  experiments  indicated  the  required 
concentrations  of  JP-4  were  5  and  2.5  mg/L.  As  different  con¬ 
tainers  of  JP-4  were  used,  the  benzene  content  changed  slightly, 
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and  the  concentrations  of  JP-4  vapor  were  changed  to  keep  benzene 
concentrations  constant. 

Activity  depression  was  noted  during  the  initial  3  weeks  of 
the  study  in  dogs  and  monkeys  exposed  to  benzene  or  JP-4  vapors. 

A  statistically  significant  increase  was  noted  in  RBC  fragility 
in  female  dogs  between  the  10th  and  27th  weeks  of  exposure  to 
5  mg/L.  The  increase  was  not  seen  in  dogs  exposed  to  the  lower 
concentration  of  JP-4  or  benzene.  At  sacrifice,  immediately 
postexposure,  the  liver,  spleen,  and  kidney  weights  of  rats 
exposed  to  5  mg/L  JP-4  were  significantly  higher  than  controls, 
and  there  was  a  higher  incidence  of  chronic  murine  bronchitis  in 
the  rats  exposed  to  either  concentration.  The  only  exposure  re¬ 
lated  pathologic  lesions  at  1-year  postexposure  were  increased 
hemosiderin  deposits  in  the  spleens  of  rats  exposed  to  both  con¬ 
centrations  of  JP-4  and  benzene  alone. 

The  jet  fuel  of  interest  in  the  present  study  is  designated 
JP-5.  JP-5  is  less  volatile  than  JP-4  and  also  contains  less 
benzene.  The  Naval  Medical  Research  Institute  Toxicology 
Detachment  (NMRI/TD)  requested  that  the  Toxic  Hazards  Research 
Unit  conduct  comparative  toxicity  tests  with  JP-5  derived  from 
both  conventional  petroleum  and  oil  shale.  Oil  shale  represents 
one  of  the  largest  underdeveloped  sources  of  fossil  energy  in  the 
United  States.  It  is  estimated  that  the  Green  River  formation  in 
Colorado,  Utah,  and  Wyoming  contains  600  billion  barrels  of 
recoverable  oil,  an  amount  that  exceeds  the  known  world  liquid 
petroleum  supply  (Weaver  and  Gibson,  1979).  The  military  is 
participating  in  an  interagency  effort  to  produce  and  refine 
large  quantities  of  crude  oil  shale  into  military  specification 
fuels  for  subsequent  evaluation. 

As  part  of  the  overall  evaluation  of  the  oil  shale  fuels,  it 
is  desirable  to  assess  the  toxicity  associated  with  typical  use 
exposure.  Data  of  this  type  allow  for  a  comparison  of  the  haz¬ 
ards  of  the  oil  shale  and  petroleum  fuels  and  are  valuable  in 
establishing  proper  workplace  procedures  and  controls.  Since 
inhalation  will  be  a  prime  route  of  exposure  for  personnel  work¬ 
ing  with  JP-5,  inhalation  exposures  were  conducted  to  compare  the 
effects  at  expected  worker  exposure  levels.  A  90-day,  continuous 
inhalation  exposure  period  was  chosen  to  simulate  conditions 
where  Naval  personnel  may  be  exposed  during  a  cruise  situation. 
While  this  type  of  exposure  is  less  traditional  than  a  6 
hour/day,  5  day/week  regimen,  it  does  create  a  maximum  exposure 
situation  and  increases  the  probability  of  observing  exposure 
relatel  effects. 
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Because  of  the  unavailability  of  the  Shale  JP-5  at  the  onset 
of  this  study  it  was  impossible  to  conduct  simultaneous  tests. 

The  Shale  JP-5  sample  did  not  become  available  for  testing  until 
2  years  after  initiation  of  the  Petroleum  JP-5  exposures. 

Despite  this  lengthy  time  period  between  the  studies,  care  was 
taken  to  insure  that  the  experiments  were  conducted  in  as  similar 
a  manner  as  possible. 


METHODS 

Test  Material 

JP-5  is  a  high  flashpoint,  kerosene-type  aviation  turbine 
fuel  described  in  military  specification  MIL-T-5624K,  (1  April 
1976),  and  in  Table  41.  Petroleum  JP--5  was  obtained  from  the 
stock  supply  at  Wr ight-Pattersor,  Air  Force  Base.  Shale  JP-5  was 
refined  by  SOHIO  from  hydrotreated  Paraho  crude.  The  fuels  ’vere 
supplied  to  the  THRU  by  NMRI/TD  in  clean  55-gallon  drums. 


TABLE  41.  PHYSICAL-CHEMICAL  SPECIFICATIONS  (MIL  SPECS) 

FOR  JP-5  JET  FUEL 


Distillation  Temperature  (°C) 

Initial  Boiling  Point 

10%  Recovery  205° 

End  Point,  Maximum  Temperature  290° 

Aromatics,  Vol.  %,  Maximum  25 

Olefins,  Vol.  %,  Maximum  5 

Sulfur,  Total  Weight,  %  Maximum  0.4 

Sulfur,  Mercaptan,  Weight  %  0.001 

Hydrogen  Content,  Weight  %  13.5 

Freezing  Point,  °C,  Maximum  -46® 

Density,  g/mL  at  15°C,  Minimum  0.788 

Maximum  0.845 

Flashpoint,  ®C,  Minimum  60° 


JP-5  Generation  and  Monitoring 

The  petroleum  and  oil  shale  studies  sere  both  conducted  in 
the  same  manner.  The  basic  design  for  the  JP-5  generation  system 
was  adapted  from  the  previous  study  on  JP-4.  Since  JP-5  jet  air¬ 
craft  fuel  is  a  multicomponent  material  with  a  wide  boiling 
range,  it  was  necessary  to  operate  the  animal  exposure  chambers 
from  a  single  master  generation  system  to  assure  similar 
exposure. 
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Two  identically  operated  solvent  evaporator  towers  were  used 
to  generate  fuel  vapor  for  the  assigned  chamber  concentrations 
which  were  then  controlled  by  dilution  in  the  chamber  air  supply 
system. 

A  Beckman  Model  400  hydrocarbon  analyzer  was  used  for  mass 
analysis.  Chamber  concentrations  were  analyzed  using  a  single 
analyzer  by  dilution  of  the  higher  JP-5  concentration  chamber 
sample  to  a  similar  concentration  as  the  low  concentration  using 
input  chamber  air  for  diluent  and  as  the  source  of  baseline  air. 

In  the  Petroleum  JP-5  study  a  Varian  1200  gas  chromatograph 
(GC)  equipped  with  a  FID  detector  and  a  Spectra  Physics  Model  I 
computing  integrator  was  used  for  quality  control  analysis  of 
each  drum  of  fuel  prior  to  use,  analysis  of  spent  fuel  to  monitor 
generation  system  operation,  and  chamber  atmosphere  fingerprint 
analysis.  the  GC  was  operated  isothermally  with  the  oven  set  at 
40°C.  Routine  chromatographs  were  limited  to  peaks  eluted  in  the 
first  20  minutes.  The  Shale  JP-5  study  employed  a  Varian  .3700  GC 
equipped  with  a  FID  detector  and  a  Spectra  Physics  Model  I  com¬ 
puting  integrator. 


Animal" 


Young,  adult  purebred  beagle  dogs  were  selected  from  a  col¬ 
ony  maintained  by  the  Air  Force  at  Wright-Patterson  Air  Force 
Base.  Fischer  344  rats  (9-11  weeks  old)  were  purchased  from 
Charles  River  Breeding  Laboratories  (Wilmington,  Massachusetts). 
C57BL/6  mice  (9-11  weeks  old)  were  purchased  from  Jackson  Labora¬ 
tories  (Bar  Harbor,  Maine).  Test  animals  were  gang-caged  by 
species  in  stainless  steel,  wire-mesh  cages  during  exposure. 
Animals  had  access  to  food  (Purina,  St.  Louis,  Missouri)  and 
water  ad  libitum.  All  cage  areas  were  cleaned  daily  during  which 
time  food  remaining  in  the  feeders  was  discarded  and  replaced 
with  a  fresh  supply. 


Exposure  Conditions 

Groups  of  dogs,  rats,  and  mice  (Table  42)  were  exposed  via 
inhalation  to  Petroleum  or  Shale  JP-5  vapor  continuously  for  a 
period  of  90  days.  Exposures  were  conducted  on  a  24-hour  basis 
and  personnel  servicing  the  chambers  during  the  exposure  were 
provided  with  respiratory  protection  and  disposable  protective 
clothing.  Exposures  were  conducted  in  25  m3  Thomas  Dome 
inhalation  chambers.  Control  groups  were  maintained  in  Bioclean* 
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TABLE  42.  ANIMAL  GROUPS  EXPOSED  TO  EACH  JP-5  CONCENTRATION 
(CONTROL,  150  MG/M3,  750  MG/M3) 


No.  of  No.  of 


Contaminant 

Animal 

Males 

Females 

Petroleum  JP-5 

Beagle  dogs 

3 

3 

Fischer  344  rats 

75 

75 

C57BL/6  mice 

— 

llla 

Shale  JP-5 

Beagle  dogs 

3 

3 

Fischer  344  rats 

75 

75 

C57BL/6  mice 

—  — 

150 

a  Reduced  number 

of  mice  due  to  reinitiation  of 

exposure. 

laminar  air  flow 

rooms  in  a  separate  facility. 

Because  of  space 

limitations,  male 

mice  were  not  included 

in  the 

exposure. 

Upon  termination  of  the  90-day  exposure  period,  all  of  the 
dogs  and  1/3  of  the  rodents  were  killed  for  detection  of 
pathologic  lesions  caused  by  exposure.  The  remaining  rodents 
were  held  for  long-term  postexposure  observation.  An  interim 
sacrifice  was  conducted  at  19  months  postexposure,  with  a  final 
sacrifice  during  the  24th  month  of  the  study. 

All  animals  were  carefully  observed  throughout  the  exposure 
and  postexposure  periods  for  signs  of  altered  physical  condition. 
Rats  and  dogs  were  weighed  individually  at  biweekly  intervals 
during  exposure,  and  rats  were  weighed  monthly  during  the  post- 
exposure  period.  Mice  were  weighed  monthly  throughout  the  study, 
and  the  group  mean  weights  were  monitored.  All  animals  that  died 
or  were  killed  were  necropsied  and  approximately  38  tissues  were 
collected  for  histopathologic  examination.  The  liver,  spleen, 
and  kidneys  of  individual  rats  were  weighed  during  necropsy  at 
exposure  termination  and  19  months  postexposure.  Liver,  spleen, 
and  kidney  weights  of  dogs  in  the  Shale  JP-5  study  were  also 
measured.  Dog  red  blood  cell  osmotic  fragility  tests  were 
conducted  at  exposure  termination.  Blood  samples  were  drawn  from 
fasted  dogs  biweekly  and  from  fasted  rats  at  exposure  termination 
and  interim  necropsy  for  hematology  and  clinical  chemistry  tests. 


Data  Analysis 

Body  weights,  blood  test  results,  and  organ  weights  were 
analyzed  by  an  independent  t-test,  and  a  Fisher  exact  test  was 
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used  to  analyze  the  incidence  of  histopathologic  lesions  (Zar, 
1974) . 


RESULTS 


Analytical 

Initially,  animal  exposures  to  JP-5  vapors  were  intended  to 
be  based  on  air  concentrations  that  would  result  in  benzene  con¬ 
centrations  equal  to  10  ppm  and  1  ppm.  In  preliminary  tests  of 
Petroleum  JP-5  vapor  generation  in  the  exposure  chambers,  it  was 
determined  that  even  though  military  specifications  for  refining 
of  JP-5  fuel  permitted  up  to  25%  aromatic  hydrocarbon  content, 
the  measured  benzene  content  was  very  low.  The  highest  benzene 
concentrations  we  were  able  to  achieve  in  the  exposure  chamber 
ranged  from  0.5  ppm  to  0.7  ppm.  These  levels  were  reached  at  a 
petroleum  JP-5  vapor  concentration  of  1500  mg/m3,  which  also  was 
the  highest  stable  concentration  attainable. 

Shortly  after  initiation,  unexpected  deaths  occurred  in  the 
exposed  mice  exposed  to  1500  mg/m3  Petroleum  JP-5.  Seventy-five 
of  the  group  of  150  mice  were  dead  by  the  end  of  6  exposure  days. 
Dogs  were  lethargic  and  appeared  to  be  sleeping  more  than  normal. 
Oily  deposits  were  noticeable  on  the  fur  of  both  species  aud,  in 
addition,  oil  deposits  were  seen  on  the  chamber  windows.  Exami¬ 
nation  of  the  daily  records  from  the  hydrocarbon  analyzer  showed 
no  significant  deviation  from  the  desired  concentration  of  1500 
mg/m3  JP-5.  This  evidence  suggested  that  generation  of  this 
concentration  of  Petroleum  JP-5  was  producing  an  aerosol  which 
was  lethal  to  mice  after  a  few  days  exposure. 

The  rate  of  introduction  of  JP-5  into  the  1500  mg/m3  chamber 
was  subsequently  lowered  to  give  a  chamber  concentration  of  750 
mg/m3.  This  resulted  in  an  exposure  atmosphere  that  had  no 
visible  aerosol  and  the  particle  counts  were  only  slightly  higher 
than  room  air,  as  measured  by  a  Royco  particle  counter. 

Based  on  the  evidence  that  Petroleum  JP-5  concentrations  of 
1500  mg/m3  produced  an  aerosol  exposure  that  was  fatal  to  mice 
after  several  days,  the  initial  study  was  terminated.  New  JP-5 
subchronic  exposure  concentrations  of  750  mg/m3  and  150  mg/m3 
were  selected.  A  new  group  of  dogs  was  chosen  from  the  original 
stock  group  for  use  in  the  Petroleum  JP-5  exposure.  The  number 
of  mice  in  each  group  had  to  be  reduced  to  avoid  delays  from 
ordering  new  animals.  Spare  mice  from  the  original  lot  were 
available  and  were  incorporated  into  the  pool  for  redistribution 
of  the  exposure  groups.  Each  Petroleum  JP-5  study  group  then 
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consisted  of  111  mice  instead  of  the  original  150.  At  the  time 
of  the  early  termination,  the  rats  had  not  yet  entered  the 
exposure  chambers.  They  were  therefore  maintained  until  the 
Petroleum  JP-5  study  was  restarted.  Reduction  of  the  concentra¬ 
tion  allowed  the  Petroleum  JP-5  study  to  be  conducted  without 
further  incident.  Exposures  were  well  controlled  throughout  both 
studies  with  daily  mean  values  ranging  within  5%  of  the  target 
chamber  concentrations. 

Gas  chromatographic  analyses  performed  during  the  Petroleum 
JP-5  study  were  intended  only  to  determine  the  benzene  concentra¬ 
tion.  Use  of  this  method  showed  a  benzene  concentration  in  the 
150  mg/m3  exposure  chamber  averaging  about  0.1  ppm  (range:  0.06 
-  0.12  ppm).  The  750  mg/m3  chamber  contained  approximately  0.5 
ppm  (range:  0.33  -  0.57  ppm).  The  use  of  a  single  pass  vapor 
generation  system  in  this  study  resulted  in  the  vaporization  of 
about  8%  of  the  total  fuel  mass.  Because  of  the  temperature 
limitations  imposed  on  the  generation  towers  there  was  a  selec¬ 
tive  vaporization  of  the  more  volatile  components  of  JP-5.  The 
slightly  different  GC  technique  used  in  the  Shale  JP-5  study 
established  that  the  majority  of  the  constituents  in  the  chamber 
were  between  Cio  and  C14.  This  type  of  specific  analysis  was  not 
conducted  in  the  Petroleum  JP-5  study. 


Dogs 

The  growth  of  beagle  dogs  exposed  to  either  Petroleum  or 
Shale  JP-5  was  unaffected  by  90  days  of  continuous  exposure,  and 
no  deaths  resulted  from  exposure  to  either  fuel. 

Dogs  exposed  to  Petroleum  JP-5  for  90  days  had  increased  red 
blood  cell  osmotic  fragility  when  compared  to  controls  (Figure 
3).  Although  there  was  a  slight  shift  in  the  curve  toward  in¬ 
creased  fragility  for  the  dogs  exposed  to  750  mg/m3  Shale  JP-5, 

the  difference  from  the  control  values  was  not  significant  at 
p  <  0.05.  Slightly  decreased  red  blood  cell  counts,  hematocrit, 
and  hemoglobin  levels  were  seen  in  dogs  exposed  to  either  Petro¬ 
leum  or  Shale  JP-5  at  750  mg/m3  when  compared  to  respective  con¬ 
trols.  Although  this  was  a  persistent  trend,  the  differences 

weie  not  always  statistically  significant  at  p  (  0.05.  All  other 
hematalogic  and  clinical  chemistry  parameters  measured  were  well 
within  normal  limits  and  failed  to  show  any  consistent  exposure 
related  effect. 

Increased  liver  weight  was  noted  in  dogs  exposed  to  750 
mg/m3  Shale  JP-5.  The  increase  was  not  evident  in  the  dogs 
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Figure  3 


Effect  of  JP-5  vapor  exposure  on  dog  red  blood  cell 
osmotic  fragility. 
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exposed  to  150  mg/m3  Shale  JP-5.  Organ  weights  were  not  measured 
in  dogs  exposed  to  Petroleum  JP-5. 

The  majority  of  the  lesions  noted  in  the  tissues  of  dogs 
exposed  to  either  Petroleum  or  Shale  JP-5  were  not  exposure 
related,  occurring  with  equal  distribution  among  all  groups.  The 
only  exception  was  diffuse  cloudy  swelling  of  hepatocytes  of  dogs 
exposed  to  Petroleum  JP-5.  This  occurred  in  all  dogs  exposed  to 
750  mg/m3,  2  of  the  6  dogs  exposed  to  150  mg/m3,  and  none  of  the 
controls.  Affected  hepatocytes  were  moderately  swollen,  pale, 
and  had  a  "foamy"  cytoplasm.  Transmission  electron  microscopic 
examination  of  a  small  number  of  these  livers  indicated  this  to 
be  excessive  glycogen  accumulation. 


Mice 


Exposure  of  mice  to  Petroleum  JP-5  produced  a  slightly 
shorter  mean  survival  time  when  compared  to  their  control 
group.  This  effect  was  not  seen  in  Shale  JP-5  exposed  mice. 
However,  the  control  group  in  the  petroleum  study  survived 
approximately  2.5  months  longer  than  the  control  group  in  the 
shale  study,  and  the  survival  time  of  the  750  mg/m3  Petroleum 
JP-5  exposure  group  was  not  inconsistent  with  any  of  the  other 
groups . 

Mouse  body  weights  were  unaffected  by  exposure  to  either 
Petroleum  or  Shale  JP-5. 

Hepatocellular  fatty  change  and  vacuolization  were  the  only 
remarkable  findings  in  mouse  tissues  examined  at  the  completion 
of  the  90-day  exposure  period.  Although  most  of  the  mice  exposed 
to  either  Petroleum  or  Shale  JP-5  displayed  fatty  livers  after  90 
days  of  exposure,  the  incidence  was  not  dose  related. 

The  major  histopathologic  changes  noted  in  mice  held  for 
postexposure  observation  are  shown  in  Table  43.  The  list  has 
been  abbreviated  by  excluding  common  lesions  that  appeared  with 
low  incidence.  Chronic  dermal  inflammation  and  ulceration  were 
common  observations  in  all  groups.  However,  ulceration  did  occur 
with  a  greater  frequency  in  the  mice  exposed  to  750  mg/ra3  JP-5. 
The  appearance  of  granulocytic  hyperplasia  of  the  bone  marrow  was 
also  common  in  all  exposure  groups  and  often  corresponded  with 
the  presence  of  ulcerative  dermatitis. 

Lesions  noted  in  the  respiratory  system  cf  control  and 
exposed  mice  included  cytoplasmic  hyaline  change  in  the  nose  and 
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TABLE  43.  HISTOPATHOLOGIC  LESIONS®  IN  MICE  HELD  FOR 
POSTEXPOSURE  OBSERVATION  AFTER  90  DAYS  OF 
CONTINUOUS  INHALATION  EXPOSURE  TO  JP-5 


Petroleum  JP-5 

Shale  JP-5 

Concentration  (mg/m3) 

Concentration  (mg/m3) 

Tissue 

0 

150 

750 

0 

150 

750 

Skin 

Ulcer 

1/68  (1) 

7/65  (1  l)b 

13/66  ( 20)c 

11/90  (12) 

23/96  (24) 

24/93  ( 26 ) b 

Inf) amma  tlon 

18/68  (26) 

15/65  (23) 

8/66  (12) 

3/90  (3) 

1/96  (1) 

0/93  (0) 

Bone  Marrow 

Granulocytic  hyperplasia 

26/65  (40) 

26/61  (43) 

23/65  (35) 

35/86  (41) 

26/93  (28) 

38/94  (40) 

Fibrosis 

1/65  (2) 

1/61  (2) 

1/65  (2) 

0/86  (0) 

4/93  (4) 

16/94  ( 1 7 )c 

Respl ratory 

Nose  -  hyaline  degeneration 

19/68  (28) 

8/66  (12)° 

5/67  (7)c 

65/93  (70) 

53/97  (55) 

62/96  (65) 

l.ung  - 

t  nf lammat Ion 

2/70  (3) 

5/67  (7) 

3/68  (4) 

28/93  (30) 

38/97  (39) 

31/96  (32) 

c  rysta  Is 

26/70  (37) 

11/67  ( 16) 

17/68  (25) 

23/93  (25) 

8/97  (8) 

1/96  (1) 

alveolar  adenoma 

5/70  (7) 

1/67  (1) 

1/68  (1) 

1/93  (1) 

2/97  (2) 

2/96  (2) 

alveolar  carcinoma 

0/70  (0) 

1/67  (1) 

0/68  (0) 

2/93  (2) 

0/97  (0) 

1/96  (1) 

Liver 

Clear  cell  focus 

0/69  (0) 

0/69  (0) 

0/67  (0) 

2/93  (2) 

12/97  ( 12)b 

4/95  (4) 

Fatty  Change 

41/69  (59) 

28/69  (4 1 )b 

23/67  (34)c 

57/93  (61) 

56/97  (58) 

66/95  (69) 

Necrosis 

2/69  (3) 

2/69  (3) 

0/67  (0) 

8/93  (9) 

5/97  (5) 

5/95  (5) 

Carcinoma 

1/69  (1) 

0/69  (0) 

0/67  (0) 

2/93  (2) 

0/97  (0) 

0/95  (0) 

Adenoma 

Urinary 

3/69  (4) 

1/69  (1) 

0/67  (0) 

0/93  (0) 

1/97  (1) 

6/95  (  6 ) b 

Kidney  -  membranous 

g lomerulonephrt  t Is 

7/66  (11) 

6/69  (9) 

9/70  (13) 

19/93  (20) 

14/97  (14) 

19/90  (20) 

hyaline  degeneration 

0/66  (0) 

5/69  (7) 

1/70  (1) 

6/93  (6) 

0/97  (U)b 

1/96  (1) 

hydronephrosis 

2/66  (3) 

3/69  (4) 

0/70  (0) 

4/93  (4) 

3/97  (3) 

7/90  (7) 

Reproductive  A  Endocrine 

Ovaries  -  cyst 

U/63  (17) 

13/57  (23) 

7/57  (12) 

17/94  (18) 

17/93  (18) 

13/96  (14) 

Uterus  -  endometrial  cyr.t 

8/66  (12) 

8/68  (12) 

19/67  (28)° 

48/91  (53) 

58/97  (30) 

31/93  (33)b 

Pituitary  -  adenoma 

28/54  (52) 

24/45  (53) 

21/51  (41) 

49/82  (60) 

40/85  (47) 

38/76  (5) 

-  carcinoma 

0/54  (0) 

1/45  (2) 

0/51  (0) 

15/82  (18) 

4/85  ( 5  )c 

2/76  ( 3 )c 

Thyroid  - 

adenoma 

1/68  (1) 

5/51  (8) 

3/64  (5) 

9/91  (10) 

11/96  (11) 

6/90  (7) 

carcinoma 

0/68  (0) 

1/61  (2) 

0/64  (0) 

1/91  (1) 

0/96  (0) 

0/90  (0) 

papillary  hyperplasia 

38/68  (56) 

27/61  (44) 

34/64  (53) 

71/91  (78) 

62/96  (65) 

70/90  (78) 

Parathyroid  -  adenoma 

0/33  (0) 

0/25  (0) 

0/16  (0) 

0/52  (0) 

1/69  (1) 

0/39  (0) 

-  hyperplasia 

0/33  (0) 

0/25  (0) 

0/16  (0) 

1/52  (2) 

0/89  (0) 

0/39  (0) 

Adrenal  -  carcinoma 

0/67  (0) 

0/64  (0) 

0/67  (0) 

1/95  (1) 

0/90  (0) 

0/96  (0) 

-  pheochomocy toma 

0/67  (0) 

0/64  (0) 

0/67  (0) 

1/95  (1) 

0/96  (0) 

0/96  (0) 

Lymphoretlcular 

Malignant  lymphomas 

8/70  (11) 

14/69  (20) 

9/71  (13) 

40/91  (44) 

30/94  (32) 

25/95  (26)b 

Digest  1 ve 

Stomach-u leer 

0/68  (0) 

0/67  (0) 

0/66  (0) 

0/90  (0) 

1/97  (1) 

3/95  (3) 

Ga  1  lbl adder 

Hyaline  degeneration 

7/53  (13) 

12/56  (21) 

8/52  (15) 

14/89  (57) 

2/93  ( 2  )c 

24/86  (28) 

■Spleen 

Hematopoiesis 

29/69  (42) 

28/67  (39) 

29/64  (45) 

38/91  (42) 

37/94  (39) 

54/96  ( 57 )b 

Salivary  Gland 

Perivascular  cuffing 

6/65  (9) 

0/63  (0)b 

9/64  (14) 

37/84  (44) 

37/94  (39) 

53/90  (59) 

11  Number  Observed/Number  examined  (%). 
b  Different  from  control,  p  <  0.05. 
c  Different  from  control,  p  <  0.01. 
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inflammatory  processes  in  the  lung,  including  the  combined  diag¬ 
noses  of  acute  and  chronic  inflammation,  perivascular  cuffing, 
lymphocytic  infiltrates,  interstitial  inflammation,  granulomatous 
inflammation,  and  alveolar  macrophages.  These  lesions  were  more 
frequently  noted  in  the  group  of  mice  used  in  the  Shale  JP-5 
study.  Most  importantly,  primary  lung  tumors  were  not  increased 
in  mice  exposed  to  either  Petroleum  or  Shale  JP-5  compared  to 
respective  controls. 

Six  hepatocellular  adenomas  were  observed  in  the  female  mice 
exposed  to  750  mg/m3  Shale  JP-5  while  no  primary  liver  cell 
tumors  were  observed  in  controls.  Liver  adenomas  were  not  seen 
in  mice  exposed  to  Petroleum  JP-5  at  750  mg/m3,  while  3  of  the  71 
respective  control  mice  developed  liver  adenomas.  Hepatocellular 
fatty  change  was  commonly  diagnosed  in  all  groups  of  mice 
examined  postexposure. 

Lesions  noted  in  the  urinary  system  were  generally  unremark¬ 
able.  All  groups  demonstrated  a  moderate  incidence  of  membranous 
glomerulonephritis.  Frequency  of  this  change  was  slightly  great¬ 
er  in  the  Shale  JP-5  study.  This  was  diagnosed  when  the  glomeru¬ 
lar  capillary  tufts  appeared  markedly  thickened  with  homogenous, 
eosinophilic  deposits.  In  some  cases  these  deposits  may  have 
been  amyloid  fibrils  while  in  other  animals,  immune  complex  depo¬ 
sition  associated  with  murine  oncornavirus  infection  was  probably 
responsible.  Tumors  of  the  kidney  were  not  seen  in  any  of  the 
JP-5  exposed  mice. 

Ovarian  and  uterine  cystic  changes  were  present  with  high 
frequency  and  variable  distribution  among  all  groups.  Pituitary 
and  thyroid  follicular  adenomas  were  also  common  in  all  groups. 
Adrenal  tumors  were  noted  only  in  2  control  mice  in  the  Shale 
JP-5  study. 

The  other  lesions  noted  with  some  frequency  in  mice  included 
gallbladder  hyaline  degeneration,  splenic  hematopoiesis,  malig¬ 
nant  lymphomas,  and  salivary  gland  perivascular  cuffing.  These 
are  generally  regarded  as  typical  of  aging,  and  the  occasional 
increased  incidence  in  the  exposed  groups  compared  to  controls  is 
considered  to  be  incidental. 


Rats 


Exposure  to  either  Petroleum  or  Shale  JP-5  did  not  adversely 
affect  survival  of  rats.  The  mean  survival  time  for  all  groups 
in  each  study  was  approximately  22  months. 
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Depressed  weight  gains  were  noted  in  male  rats  exposed  to 
either  Petroleum  or  Shale  JP-5.  The  weights  of  male  rats  exposed 
to  750  mg/m3  Petroleum  JP-5  vapor  were  significantly  (p  <  0.01) 
less  than  unexposed  control  male  rats  through  the  exposure  and 
postexposure  phases  of  the  study.  Male  rats  exposed  to  150  mg/m3 
Petroleum  JP-5  vapor  also  weighed  significantly  (p  <  0.01)  less 
than  unexposed  control  rats.  However,  this  difference  continued 
only  through  the  16th  month  ox  the  study  at  which  time  the 
weights  of  this  exposure  group  returned  to  the  level  of  the 
unexposed  control  rats.  Both  groups  of  Shale  JP-5  rats  weighed 
significantly  (p  <  0.05)  less  than  controls  throughout  the 
exposure  and  postexposure  periods,  with  the  weights  generally 
following  a  dose  response  pattern.  Exposure  to  Petroleum  JP-5 
had  no  effect  on  female  rat  growth.  Shale  JP-5  at  750  mg/m3 
produced  slight  but  statistically  significant  (p  <  0.05)  reduced 
growth  through  exposure  and  postexposure  periods. 

A  slight  but  statistically  significant  increase  in  relative 
kidney  weight  was  noted  at  both  the  exposure  termination  and 
postexposure  examinations  in  male  rats  exposed  to  either 
Petroleum  or  Shale  JP-5  at  750  mg/m3.  This  effect  was  not  dose 
related  as  the  kidneys  of  male  rats  exposed  to  JP-5  at  the  lower 
150  mg/m3  concentration  generally  weighed  less  than  the 
respective  control  group  rather  than  greater.  At  19  months 
postexposure  the  spleens  of  3  control  male  rats  from  the 
Petroleum  JP-5  study  were  unusually  large  (42,  39,  and  17  g). 
Other  changes  noted  in  JP-5  exposed  male  rat  organ  weights  were 
sporadic  and  were  considered  incidental.  Female  rat  organ 
weights  were  unremarkable. 

Male  rat  hematology,  BUN,  and  creatinine  values  were 
measured  during  the  study.  Although  all  of  the  values  determined 
at  exposure  termination  were  within  normal  variation  for  this 
species,  there  were  some  trends  that  were  consistent  with  those 
mentioned  previously  for  dog  blood  examinations.  Slight  but 
statistically  significant  (p  <  0.01)  reductions  in  red  blood  cell 
counts,  hematocrit,  and  hemoglobin  levels  were  noted  in  JP-5 
exposed  male  rats  examined  at  exposure  termination.  BUN  levels 
were  also  increased  at  that  time  in  male  rats  exposed  at  the  750 
rr.g/m3  JP-5  level.  Examination  at  19  months  jjid  not  indicate 
consistent  reductions  in  erythrocyte  parameters.  The  3  male 
control  rats  from  the  Petroleum  JP-5  study  that  had  abnormally 
large  spleens  had  WBC  counts  In  excess  of  48,000  cell/m3.  In 
these  rats  80-90%  of  the  WBC's  were  leukemic  mononuclear  cells. 
Blood  values  from  these  rats  were  excluded  from  statistical 
comparison.  WBC  abnormalities  of  this  type  were  not  found  in 
Petroleum  JP-5  exposed  male  rats  nor  in  male  rats  from  the  Shale 
JP-5  study.  Although  BUN  levels  for  the  750  mg/m3  JP-5  exposure 
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groups  were  greater  than  controls  at  19  months  postexposure,  they 
were  not  statistically  significant.  Other  blood  parameters 
measured  in  male  and  female  rats  during  the  study  were  within 
normal  species  variation,  and  any  differences  between  control  and 
test  groups  were  considered  to  be  unrelated  to  exposure. 

Exposure  of  rats  to  Shale  JP-5  resulted  in  mild  hepatocellu¬ 
lar  vacuolization  (fatty  change).  This  effect  was  not  dose- 
related  in  female  rats  and  was  absent  in  rats  exposed  to 
Petroleum  JP-5.  Mild  nasal  inflammatory  changes  occurred  in 
Shale  JP-5  exposed  rats.  The  incidence  was  not  dose-related. 
Petroleum  JP-5  exposed  rats  were  free  of  this  lesion. 

The  most  notable  and  obviously  dose-dependent  lesions  found 
in  rats  were  restricted  to  the  kidneys  of  males.  Male  rats  ex¬ 
amined  immediately  following  exposure  to  either  Petroleum  or 
Shale  JP-5  exhibited  moderate  to  marked  cytoplasmic  hyaline  drop¬ 
lets  in  proximal  tubular  epithelium  followed  by  necrosis  and  ex¬ 
foliation  of  tubular  cells.  Hyaline  droplets  were  regarded  as 
microscopically  visible  aggregates  of  protein.  Their  presence  in 
the  tubular  epithelium  suggested  that  cells  were  unable  to  effi¬ 
ciently  transport  resorbed  protein  from  glomerular  filtrate  to 
the  capillary  blood.  Subsequently,  tubular  segments  near  the 
corticomedullary  junction  were  plugged  and  dilated  with  casts  of 
necrotic  cell  debris.  Affected  segments  corresponded  with  the 
juncture  of  the  pars  recta  of  the  proximal  tubule  and  the  de¬ 
scending  limb  of  Henle's  loop.  Incidence  of  necrosis  in  all 
exposed  groups  was  at  or  near  100%.  However,  a  clear  dose  re¬ 
sponse  was  seen  in  severity  with  minimal  renal  changes  at  150 
mg/m3,  while  lesions  found  at  750  mg/m3  were  characterized  as 
moderate.  Glomeruli  were  morphologically  unremarkable  by  both 
electron  and  light  microscopic  analysis. 

Results  of  microscopic  examination  of  tissues  collected  from 
male  rats  maintained  for  postexposure  observation  are  shown  in 
Table  44.  Only  the  lesions  occurring  with  some  frequency  are 
shown.  As  at  exposure  termination,  the  most  striking  lesions 
associated  with  JP-5  exposure  were  found  in  the  kidneys  of  male 
rats.  These  changes  included  focal  diffuse  papillary  hyperplasia 
of  the  pelvic  urothelium  over  the  surface  of  the  renal  papillus, 
moderate  to  severe  deposits  of  mineralized  debris  in  medullary 
tubules  (probably  at  the  loop  of  Henle),  and  tubular  degenera¬ 
tion.  Hyperplastic  areas  along  the  pelvic  urothelium  were 
thought  to  result  from  mechanical  irritation  by  mineralized  de¬ 
bris  shed  from  the  tubules  into  the  pelvis  during  exposure,  com¬ 
bined  with  panrenal  hypertrophy  associated  with  chronic  progres¬ 
sive  nephropathy  (CPN).  In  turn  the  mineralized  tubular  deposits 
probably  represent  calcium-impregnated  debris  resulting  from 
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TABLE  44.  HISTOPATHOLOGIC  LESIONSa  IN  MALE  RATS  HELD  FOR 
POST EXPOSURE  OBSERVATION  AFTER  90  DAYS  OF  CONTINUOUS 
INHALATION  EXPOSURE  TO  JP-5 


Petroleum  JP-5  Sh a  1  e  J  ?-  5 


Concent  ration 

mm 

Concentrat ton  (mg/ 

m3  ) 

Tissue 

0 

0 

150 

750 

Skin' 

Mammary  gland  - 
hyperplasta/dl la  tat  Ion 

4/18 

(14) 

7/19 

(24) 

6/32 

(  19) 

6/34 

(18) 

12/34 

(35) 

12/37 

(32) 

adenoca  rc  t  noma 

0/28 

(0) 

0/29 

(0) 

0/32 

(0) 

0/34 

(0) 

1/34 

(3) 

0/37 

(0) 

f l broadenoma 

1/28 

(4) 

2/29 

(7) 

1/32 

(3) 

0/34 

(0) 

0/34 

(0) 

2/37 

(5) 

Ca  rdlo vascular 

Myocardial  fibrosis 

6/49 

(12) 

2/50 

(4) 

4/49 

(8) 

23/50 

(46) 

15/49 

(31) 

21/50 

(42) 

Pulmonary  artery 
mineral tzatton 

29/50 

(58) 

25/50 

(50) 

30/50 

(60) 

24/50 

(48) 

25/50 

(50) 

27/50 

(54) 

Respl ra  torv 

Nose  -  Inflammation 

4/49 

(8) 

4/49 

(8) 

8/49 

(16) 

12/50 

(24) 

8/50 

(16) 

6/48 

(13) 

Lung  - 

a  1 veolar  adenoma 

0/50 

(0) 

0/50 

(0) 

0/50 

(0) 

0/50 

(0) 

1/50 

(2) 

0/50 

(0) 

alveolar  carcinoma 

0/50 

(0) 

1/50 

(2) 

2/50 

(4) 

1/50 

(2) 

0/50 

(0) 

0/50 

(0) 

Liver 

Focal  cell  change 

23/50 

<48) 

29/50 

(58) 

32/49 

(65) 

38/50 

(76) 

38/50 

(76) 

41/50 

(82) 

Neoplastic  nodule 

1/50 

(2) 

1/50 

(2) 

0/49 

(0) 

2/50 

(4) 

0/50 

(0) 

4/50 

(8) 

Carcinoma 

0/50 

(0) 

0/50 

(0) 

0/49 

(0) 

0/50 

(0) 

1/50 

(2) 

0/50 

(0) 

Adenoma 

1/50 

(2) 

2/50 

(4) 

0/49 

(0) 

0/50 

(0) 

0/50 

(0) 

0/50 

(0) 

Urinary 


tubular  degeneration 

42/50  (84) 

46/48 

(98) 

48/50 

(96) 

34/50 

(68) 

44/49 

(90)b 

48/49 

(98)® 

papillary  hyperplasia 

0/50  (0) 

2/48 

(4) 

23/50 

(46)c 

0/50 

(0) 

8/49 

(16)® 

31/49 

(63)® 

ml nera l l zat ion 

0/50  (0) 

29/48 

<60)« 

37/50 

(74)® 

0/50 

(0) 

49/49 

(100)® 

49/49 

(100)® 

cysts 

0/50  (0) 

0/48 

(0) 

1/50 

(2) 

0/50 

(0) 

3/49 

(6) 

3/49 

(6) 

Reproductive  4  Endocrine 
Pituitary  - 
adenoma 

7/48 

(15) 

18/49 

<30)b 

13/47 

(28) 

5/46 

(ID 

9/47 

(19) 

13/40 

(28) 

**- 

carcinoma 

0/48 

(0) 

0/49 

(0) 

1/47 

(2) 

0/46 

(0) 

1/47 

(2) 

3/40 

(4) 

- 

Thyroid  - 

follicular  cell  tumors 

2/45 

(4) 

0/44 

(0) 

0/44 

(0) 

0/49 

(0) 

2/49 

«> 

1/50 

(2) 

c  cell  tumors 

5/45 

(11) 

4/44 

(9) 

7/44 

(16) 

2/50 

(4) 

13/49 

(26)® 

7/50 

<  1 4  ) 

hyperplasia 

1/45 

(2) 

1/44 

(2) 

10/44 

(23)® 

5/50 

(10) 

3/49 

(6) 

3/50 

(0) 

Parathyroid  - 
adenoma 

1/35 

(3) 

2/35 

(6) 

0/33 

(0) 

1/38 

(3) 

2/42 

(S) 

1/42 

(2) 

Testes  - 

interstitial  cell  tumor 

40/49 

(94) 

44/40 

(96) 

40/50 

(80) 

48/49 

(99) 

48/50 

(96) 

43/47 

(91) 

Adrenal  - 
cell  change 

18/50 

(38) 

13/50 

(26) 

15/50 

(30) 

10/50 

(20) 

12/50 

(24) 

19/47 

(40) 

*  * 

card  noma 

0/50 

(0) 

0/50 

(0) 

0/50 

(0) 

1/50 

(2) 

0/50 

(0) 

0/47 

(0) 

►  “ 

adenoma 

1/50 

(2) 

0/50 

(0) 

0/50 

(0) 

0/50 

(0) 

0/50 

(0) 

0/47 

(0)b 

pheochromocy toma 

4/50 

'8) 

4/50 

(8) 

8/50 

(1«) 

1/50 

(2) 

0/50 

(0) 

8/47 

<17)b 

Lymphoret leu lar 

Thymus  - 
thymoma 

0/17 

(0) 

0/10 

(0). 

0/18 

(0)h 

0/39 

(0) 

0/41 

(0) 

2/39 

(5) 

* 

leukemia 

14/50 

(28) 

5/50 

(10)b 

4/50 

(8)e 

12/50 

(24) 

7/50 

(14) 

11/50 

(22) 

*  Number  observed/ Numbe r  examined  (X). 
b  Different  from  control,  p  '■  0.05. 
c  Olfferent  from  control,  p  «  0.01. 


tubular  necrosis  occurring  during  the  exposure  phase  of  the  ex¬ 
periment.  Tubular  degenerative  changes  were  entirely  compatible 
with  CPN  which  is  common  in  aged  Fischer  344  rats.  The  severity 
of  CPN,  however,  did  appear  to  be  slightly  greater  in  the  JP-5 
exposed  male  rats.  No  kidney  tumors  were  found  in  JP-5  exposed 
male  rats. 
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Select  tumors  and  tissue  changes  were  recorded  with  in¬ 
creased  frequency  in  several  endocrine  organs  in  exposed  male 
rats.  Although  a  slight  increase  in  the  incidence  of  pituitary 
tumors  was  found,  these  were  not  considered  to  be  highly  signifi¬ 
cant.  Pituitary  tumors  are  extremely  common  in  aged  Fischer  344 
rats.  Tumors  of  the  thyroid  parafollicular  cells  may  be  related 
to  prolonged  Ca:POi*  imbalances  secondary  to  severe  nephropathy. 
Other  endocrine  lesions  recorded  in  the  studies  were  considered 
to  be  common  findings  in  aged  rats,  and  their  apparent  increase 
in  some  exposed  groups  is  probably  incidental.  Neither  Petroleum 
nor  Shale  JP-5  produced  any  increase  in  liver  or  lung  tumors. 

Results  of  the  microscopic  examination  of  the  tissues  col¬ 
lected  from  female  rats  at  the  end  of  19  months  postexposure 
observation  are  shown  in  Table  45.  As  at  exposure  termination 
sacrifice,  the  female  rats  failed  to  display  any  indication  of 
JP-5  induced  renal  damage. 

Unique  to  the  female  rats  was  the  occurrence  of  bone  hyper¬ 
osteosis  (osteosclerosis).  This  lesion  was  not  recorded  in  any 
male  rat  and  its  etiology  is  believed  to  be  related  to  increased 
levels  of  estrogen  in  aged  females.  Estrogen  competes  with  para¬ 
thyroid  hormone  for  osteoclastic  cell  receptors  and  prevents 
parathyroid  hormone  from  initiating  bone  resorption.  Although 
this  lesion  occurred  more  frequently  in  JP-5  exposed  females, 
there  was  no  dose  response  relationship.  Lesions  noted  in  other 
organ  systems  of  female  rats  were  similar  in  nature  to  those 
previously  discussed  for  male  rats. 


DISCUSSION 

Male  rat  nephrotoxicity  was  a  consistent  effect  produced  by 
90  days  of  continuous  inhalation  of  Petroleum  or  Shale  JP-5. 

Renal  toxicity  was  apparent  in  virtually  all  exposed  male  rats 
immediately  upon  exposure  termination,  even  at  the  lowest  level 
of  exposure  tested,  150  mg/m3.  The  renal  tubular  necrosis  obser¬ 
ved  in  male  rats  was  considered  to  be  an  end  product  of  severe 
hyaline  degeneration.  Hyaline  droplets  are  normal  components  of 
the  protein  resorption  process  of  the  proximal  convoluted 
tubule.  Droplets  arc  frequently  accentuated  in  male  rats  where 
tubular  cells  must  resorb  and  degrade  increased  levels  of  a 
highly  filterable  protein  unique  to  male  rats,  an  u2U  globulin 
(Alden  et  al.,  1983).  This  globulin  is  produced  in  the  liver  of 
male  rats  only  at  puberty,  and  its  low  molecular  weight  facili¬ 
tates  rapid  glomerular  filtration.  The  biological  fate  of  a2u 
globulin  is  unknown.  The  inability  of  the  kidney  tubular  cell  to 
efficiently  degrade  resorbed  a2U  globulin  may  be  central  to 
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TABLE  45.  HISTOPATHOLOGIC  LESIONS4  IN  FEMALE  RATS  HELD  FOR 
POSTEXPOSURE  OBSERVATION  AFTER  90  DAYS  OF  CONTINUOUS 
INHALATION  EXPOSURE  TO  JP-5 


Tissue 


Skin 

Mammary  gland  - 
hyperplasla/dllatatton 
adenocarcinoma 
cys t adenocarcinoma 
f Ibroadenoma 

Musculoskeletal 
Bone  - 

hyperostosis 

Rospl ratory 
Nose  -  Inflammation 
Lung  - 
adenoma 
carcinoma 

LI  ver 

Focal  cell  change 
Neoplastic  nodule 

Urinary 
Kidney  - 

tubualar  degeneration 

mineralization 

cysts 

Reproductive  %  Endocrine 
Pituitary  - 
adenoma 
carcinoma 
Thyroid  - 
c  cell  tumors 
hyperplasia 
Parathyroid  - 
adenoma 
Adrenal  - 
cell  change 
carcinoma 
adenoma 

pheochromocy toma 
Uterus  - 
carcinoma 
stromal  polyps 

Lymphoret 1 cu lar 
Spleen  - 
hemosiderosis 
leukemia 


Petroleum  JP-5 _ _ Shale  JP-5 


Concentration  (mg/n3) 

Concentration  (mg/m3  ) 

0  150  750 

0  150  750 

3/36 

(8) 

16/43 

(37)b 

15/44 

(3)b 

11/46 

(24) 

23/45 

(5)b 

17/48 

(35) 

0/36 

(0) 

2/43 

(5) 

3/44 

(7) 

1/46 

(2) 

1/45 

(2) 

0/48 

(0) 

0/36 

(0) 

2/43 

(5) 

3/44 

(7) 

0/46 

(0) 

0/45 

(0) 

1/48 

(2) 

3/36 

(8) 

4/43 

(9) 

8/44 

(18) 

2/46 

(4) 

4/45 

(9) 

4/48 

(8) 

3/43 

(7) 

10/45 

(22) 

9/47 

(19) 

7/47 

(15) 

20/49 

(41) 

18/50 

(36) 

2/44 

(5) 

0/46 

(0) 

4/44 

(9) 

0/49 

(0) 

3/5C 

(6) 

1/48 

(2) 

0/44 

(0) 

0/45 

(0) 

0/47 

(0) 

0/50 

(0) 

1/50 

(2) 

0/50 

(0) 

0/44 

(0) 

1/45 

(2) 

0/47 

(0) 

1/50 

(2) 

0/50 

(0) 

0/50 

(0) 

17/44 

(37) 

21/46 

(48) 

22/47 

(50) 

25/50 

(50) 

30/50 

(60) 

32/50 

(64) 

0/44 

(0) 

1/46 

(2) 

0/47 

(0) 

1/50 

(2) 

2/50 

(4) 

2/50 

(4) 

5/44 

(11) 

5/44 

(11) 

4/47  (9) 

4/49  (8) 

1/50  (2) 

0/50 

(0) 

0/44 

(0) 

0/44 

(0) 

1/47  (2) 

0/49  (0) 

0/50  (0) 

1/50 

(2) 

0/44 

(0) 

0/44 

(0) 

0/47  (0) 

0/49  (0) 

1/50  (2) 

1/50 

(2) 

16/42 

(38) 

22/48 

(48) 

22/44 

(50) 

10/45 

(22) 

23/47 

(  49)  b 

11/45 

(24) 

0/42 

(0) 

1/46 

(2) 

0/44 

(0) 

1/45 

(2) 

0/47 

(0) 

1/45 

(2) 

3/37 

(8) 

3/40 

(8) 

6/44 

(14) 

5/49 

(10) 

7/49 

(14) 

4/49 

(8) 

2/37 

(5) 

0/40 

(0) 

12/44 

(27)b 

6/49 

(12) 

7/49 

(14) 

2/49 

(12) 

0/25 

(0) 

0/32 

(0) 

0/35 

(0) 

0/36 

(0) 

2/41 

(5) 

0/40 

(0) 

9/44 

(20) 

5/45 

(11) 

9/47 

(19) 

18/49 

(37) 

13/50 

(26) 

19/50 

(38) 

0/44 

(0) 

0/45 

(0) 

0/47 

(0) 

1/49 

(2) 

0/50 

(0) 

0/50 

(0) 

0/44 

(0) 

0/45 

(0) 

0/47 

(0) 

0/49 

(0) 

1/50 

(2) 

1/50 

(2) 

3/44 

(7) 

1/45 

(2) 

1/47 

(2) 

0/49 

(0) 

1/50 

(2) 

3/50 

(6) 

1/44 

(2) 

1/44 

(2) 

0/44 

(0) 

3/47 

(4) 

5/50 

(10) 

5/48 

(10) 

1 1/44 

(25) 

14/44 

(32) 

8/44 

(18) 

4/47 

(9) 

5/50 

(10) 

7/48 

(15) 

10/42 

(24) 

11/45 

'24) 

3/46 

(7)c 

10/50 

(20) 

29/49 

(S9)b 

3/50 

(6)c 

6/44 

(14) 

4/46 

(9) 

6/47 

U3) 

8/50 

(16) 

7/50 

(14) 

7/50 

(14) 

*  Number  Observed/Number  examined  (%). 
D  Different  from  control,  p  <  0.01. 
c  Different  from  control,  p  <  0.05. 


the  pathogenesis  of  JP-5  induced  nephrosis  in  male  rats.  Changes 
occurring  in  the  kidneys  subsequent  to  the  90-day  exposure  in¬ 
cluded  increased  deposits  of  mineralized  debris  in  medullary 
tubules,  papillary  hyperplasia  of  the  pelvis,  and  more  severe 
chronic  progressive  nephropat iy .  Consistent  with  the  pathologic 
changes  observed  in  male  rats  exposed  to  750  mg/m3  JP-5  were 
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increased  kidney  weight  and  serum  creatinine  and  BUN  levels. 

Body  weights  of  male  rats  exposed  to  750  mg/m3  JP-5  were  also 
consistently  less  than  unexposed  rats.  Although  structural 
changes  were  also  observable  at  the  150  mg/m3  level,  kidney 
weights  and  blood  kidney  function  indicators  were  generally  not 
i ncreased . 

A  similar  type  of  male  rat  nephropathy  has  been  observed 
after  gavage  with  Petroleum  or  Shale  JP-5  (Parker  et  al.,  1981). 
Inhalation  of  hydrocarbon  solvents  has  also  been  reported  to 
produce  tubular  changes  in  male  rats  (Carpenter  et  al. ,  1975a, 
1975b;  Gaworski  et  al. ,  1984;  Phillips  and  Egan,  1984a,  1984b). 

In  the  present  study  of  JP-5  the  renal  toxicity  was  limited  to 
male  rats  and  did  not  occur  in  female  rats  or  female  C57BL/6 
mice.  Easley  et  al.  (1982)  has  reported  penal  toxicity  consist¬ 
ing  of  cortical  degeneration,  possibly  due  to  ischemia  related 
dehydration,  in  C3Hf/Bd  mice  treated  dermally  with  Petroleum  or 
Shale  JP-5,  JP-8,  or  Diesel  Fuel  Marine. 

The  vacuoliza ■ ion  in  the  hepatocytes  of  mice  and  rats  inhal¬ 
ing  JP-5  for  90  days  was  probably  an  indication  of  facty  metamor¬ 
phosis  associated  with  exct-cs  lipid  accumulation.  Parker  et  al. 
(1981)  found  vacuolization  in  livers  of  rats  gavaged  with  Petro¬ 
leum  or  Shale  JP-5  and  also  observed  elevated  liver  function 
indices.  In  the  present  study,  examination  of  rat  serum 
chemistry  parameters  at  exposure  termination  failed  to  suggest 
abnormal  liver  function.  At  19  months  postexposure,  clinical 
liver  function  indices  were  normal.  Additionally,  at  that  time 
liver  vacuolization  was  not  a  significant  finding  in  rats  and  was 
noted  with  equal  distribution  in  all  mouse  groups.  These  results 
suggest  that  the  type  and  extent  of  liver  damage  produced  by  in¬ 
halation  of  JP-5  vapor  at  concentrations  up  to  750  mg/m3  was  mild 
and  reversible. 

Exposure  to  either  Petroleum  or  Shale  JP-5  produced  an 
apparent  slight  increase  in  endocrine  tumors  in  rats,  particu¬ 
larly  tumors  of  the  pituitary  gland.  However,  these  tumors  are 
generally  regarded  as  common  aging  neoplasms  in  Fischer  344  rats, 
and,  in  the  absence  of  any  strong  dose  response  relationship, 
this  increase  is  considered  incidental.  Most  important  was  the 
absence  of  any  definite  indication  of  increased  tumor  formation 
in  any  of  the  major  organs  of  rats  including  the  lungs,  liver, 
and  kidneys. 

In  conclusion,  this  comparative  examination  of  the  toxic 
effects  of  90  days  of  continuous  inhalation  of  JP-5  derived  from 
Petroleum  or  Shale  sources  established  no  substantial  difference 
between  fuels.  The  major  effect  of  exposure  to  JP-5  from  either 
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source  was  the  production  of  histologic  changes  in  male  rat  kid¬ 
neys  suggesting  renal  tubular  nephropathy.  The  results  of  the 
study  are  consistent  with  other  published  reports  of  hydrocarbon 
fuel  and  solvent  toxicity. 


EVALUATION  OF  TUB  CHRONIC  TOXICITY  OF  JP-7  JET  FUEL 

As  part  of  the  program  to  evaluate  the  toxicity  of  hydro¬ 
carbon  fuels  used  by  the  Air  Force,  the  THRU  conducted  an  inhala¬ 
tion  exposure  study  using  the  jet  fuel  JP-7.  JP-7  is  a  complex 
mixture  of  aliphatic  and  aromatic  hydrocarbons  which  closely 
resembles  the  U.  S.  Navy  jet  fuel,  JP-5.  The  study  conducted  was 
an  industrial  type  involving  exposure  of  Fischer  344  rats  and 
C573L/6  mice  co  JP-7  vapors  for  6  hours/day ,  5  days/week.  The 
exposure  phase  of  the  study  ran  from  April  1981  to  April  1982.  A 
small  samrie  of  the  animals  was  taken  for  evaluation  of  chronic 
toxicity  response  during  exposures.  The  remaining  animals  were 
held  for  1-year  postexposure  observation. 

Two  chambers  were  utilized  for  the  exposures;  one  contained 
a  concentration  of  150  mg/m3  and  the  other  contained  a  concentra¬ 
tion  of  750  mg/m3.  Animal  groups  consisted  of  100  male  and  100 
female  Fischer  344  rats  and  C57BL/6  mice.  An  additional  group 
with  the  same  numbers  of  animals  was  housed  in  another  Thomas 
Dome  chamber  to  serve  as  sham  operated  controls.  All  animals  had 
food  and  water  ad  libitum  during  nonexposure  hours.  Food  was 
removed  during  the  exposure  period. 

Following  the  1-year  exposure  period,  12  animals  of  each 
species  and  sex  from  all  groups  were  killed  for  tissue  collection 
and  examination.  The  remaining  rodents  were  held  for  1-year  of 
postexposure  observation.  At  the  conclusion  of  this  period 
(April,  1983),  all  remaining  rodents  were  killed  for  tissue  col¬ 
lection  and  examination. 

Exposure  to  JP-7  produced  a  slight,  but  statistically  signi¬ 
ficant  (p  <;  0.05),  decrease  in  body  weight  gain  in  male  rats 
exposed  to  750  mg/m3.  No  other  adverse  weight  effects  were  seen 
in  any  of  the  other  groups.  Examination  of  rat  hematology  and 
clinical  chemistry  parameters  generally  failed  to  suggest  any 
exposure  related  effect.  In  addition,  liver,  kidney,  and  spleen 
weights  of  rats  exposed  to  JP-7  were  comparable  to  controls. 

Tissues  collected  from  mice  and  rats  in  this  study  were  sent 
to  Brooks  Air  Force  Base,  San  Antonio,  Texas  for  processing  and 
evaluation. 
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THE  EXPERIMENTAL  DETERMINATION  OP  THE  CHRONIC  TOXICITY  OP 

JP-TS  JET  FUEL 


The  U.  S.  Air  Force  requested  a  long-term  inhalation  study 
to  determine  the  chronic  toxicity  of  the  high  altitude  jet  fuel 
designated  JP-TS.  This  jet  fuel  is  similar  in  composition  to  the 
jet  fuel  JP-4  previously  investigated  by  the  Toxic  Hazards 
Research  Unit.  Current  information  from  two  studies  of  the 
toxicity  of  JP-4  are  included  in  this  report. 

The  present  study  was  designed  to  determine  the  chronic 
effects,  including  oncogenic,  of  long-term  inhalation  exposure  of 
rats  and  mice  to  JP-TS  jet  fuel  vapor.  The  same  exposure  regimen 
was  followed  as  in  previous  experiments  to  investigate  chronic 
toxicity.  The  results  of  this  experiment  will  be  used  for  com¬ 
parison  with  studies  done  previously  on  fuels  of  a  similar  chemi¬ 
cal  nature. 

Mice  and  rats  were  exposed  for  1  year  to  200  and  1000  mg/m3 
JP-TS  vapor  by  the  inhalation  route  in  Thomas  Dome  chambers  using 
an  industrial  work  week  schedule  of  6  hours/day,  5  days/week  with 
holidays  and  weekends  excluded  to  simulate  a  human  exposure 
regimen.  Each  exposure  group  consisted  of  100  male  and  100 
female  Fischer  344  rats  and  100  male  and  100  female  C57BL/6 
mice.  A  sham  treated  control  group  was  housed  in  a  Thomas  Dome 
chamber. 

Following  the  exposure  period,  12  animals  from  each  group 
were  killed,  2  for  electron  microscopic  and  10  for  light  micro¬ 
scopic  examination.  The  remaining  rodents  were  held  1  year  for 
postexposure  observation.  All  animals  have  now  been  necropsied 
and  tissues  are  undergoing  histopathologic  examination. 

Previous  annual  reports  (MacEwen  and  Vernot,  1982,  1983) 
detail  the  experimental  protocol  for  the  1-year  inhalation 
exposure  of  rats  and  mice  to  JP-TS  fuel  and  give  results  of 
effects  on  blood  parameters  and  organ  weights  of  male  and  female 
rats  killed  at  exposure  termination.  Mean  body  weights  and  mor¬ 
tality  effects  through  24  months  is  also  included.  Histopatho¬ 
logic  evaluation  of  tissues  is  being  conducted  by  the  Veterinary 
Pathology  Group  at  Brooks  Air  Force  Base. 


A  90-DAY  CONTINUOUS  INHALATION  EXPOSURE  TO  JP-8 

As  part  of  a  series  of  90-day  inhalation  tests  of  various 
hydrocarbon  fuels  used  by  the  military,  the  THRU  conducted  a 
study  of  JP-8.  The  test  was  designed  to  conform  with  previously 
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conducted  90-day  tests.  In  addition,  more  frequent  sacrifices 
with  emphasis  on  kidney  examination  were  incorporated  into  the 
study  protocol.  A  detailed  discussion  of  the  experimental  pro¬ 
cedures  and  tests  performed  during  the  study  along  with  the  .JP-8 
generation  and  analysis  methods  was  presented  in  an  earlier 
annual  report  (MacEwen  and  Vernot,  1983). 

Exposure  of  rats  and  mice  to  JP-8  vapors  began  in  late  1982 
and  terminated  in  early  1983.  Two  exposure  concentrations  were 
tested,  500  mg/m3  and  1000  mg/m3.  Sham  exposed  controls  were 
maintained  in  Thomas  Dome  inhalation  chambers.  Experimental 
groups  consisted  of  95  male  and  75  female  Fischer  344  rats  and 
100  male  and  100  female  C57BL/6  mice.  Following  completion  of 
the  exposure  15  rats  and  25  mice  of  each  sex  were  killed  and 
tissues  were  collected  for  microscopic  examination.  Additional 
sacrifices  were  conducted  at  2  weeks,  2  months,  and  9  months 
postexposurc.  Results  of  these  examinations  have  been  presented 
in  previous  annual  reports  (MacEwen  and  Vernot,  1983,  1984). 

Since  the  last  annual  report,  the  scneduled  postexposuie  ob¬ 
servation  period  concluded  after  2  years  on  study.  This  repre¬ 
sented  21  months  postexposure.  All  remaining  rats  and  mice  were 
sacrificed  in  late  December  1984  for  tissue  collection  and 
examination,  rat  organ  weights  were  measured,  blood  samples  were 
taken  for  hematology  and  clinical  chemistry  measurements,  and 
urinalyses  were  performed. 


Results 

Final  mortality  results  are  shown  in  Table  46. 


TABLE  46.  MORTALITY8,  IN  ANIMALS  EXPOSED  TO  JP-8  JET  FUEL 

Control  500  mg/m3  1000  mg/m3 

C57BL/6  Mice,  Male  37/100  47/100b  47/100b 

C57BL/6  Mice,  Female  37/100  42/100  45/100 

Fischer  344  Rats,  Male  22/95  19/95  18/95 

Fischer  344  Rats,  Female  9/75  11/75  19/75 


a  Values  represent  number  of  natural  or  moribund  deaths/original 
number  of  animals. 
b  Different  from  control,  p  <  0.05. 
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The  Mantel-Cox  test  was  used  to  examine  the  survival  data 
for  rats  and  mice.  Both  groups  of  male  mice  exposed  to  JP-8  had 
significantly  higher  mortality  rates  compared  to  controls.  How¬ 
ever,  no  dose  response  relationship  was  indicated.  Examination 
of  the  gross  pathology  records  indicated  that  the  vast  majority 
of  these  mice  were  sacrificed  moribund  with  necrotic  dermatitis. 
Mortality  rates  of  female  mice,  male  rats  and  female  rats  were 
comparable  to  controls.  Because  of  the  high  mortality  rate  in 
the  male  mouse  group  it  was  necessary  to  sacrifice  the  remaining 
mice  at  20  months  postexposure  rather  than  at  21  months  as 
originally  planned.  This  early  sacrifice  allowed  for  the 
collection  of  adequate  numbers  of  fresh  tissue.  Rats  were  al¬ 
lowed  to  complete  the  full  21  months  of  postexposure  holding. 

The  body  weights  of  male  rats  are  shown  in  Figure  4.  Both 
groups  of  male  rats  exposed  to  JP-8  demonstrated  reduced  weight 
gain  when  compared  to  controls.  Differences  were  significant  at 
p  <;  0.01  throughout  the  exposure  and  postexposure  phases  of  the 
study,  but  there  was  no  clear  dose  response  relationship.  During 
the  first  year  of  the  study  male  rats  exposed  to  1000  mg/m3  had 


MONTHS 


Figure  4.  Effect  of  JP-8  on  male  rat  body  weight  gain. 
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the  lowest  body  weights,  but  during  the  subsequent  year  the  500 
mg/m3  male  rat  exposure  group  showed  lower  body  weights.  Female 
rat  body  weights  (Figure  5)  were  generally  unaffected  by  exposure 
to  JP-8.  Exposure  to  1000  mg/m3  did  result  in  weight  differences 
(p  <  0.05)  near  exposure  termination;  however,  this  was  a 
transient  effect  with  no  further  indication  of  weight  differences 
noted  in  subsequent  measurements. 


MONTHS 

Figure  5.  Effect  of  JP-8  on  female  rat  body  weight  gain. 


Rat  organ  weights  measured  at  study  termination  are  shown  in 
Table  47.  Previously,  at  exposure  termination,  increased  kidney 
and  liver  weights  had  been  noted  in  male  rats  exposed  to  JP-8. 

At  21  months  postexposure  there  was  a  slight,  but  significant, 
dose  related  increase  in  relative  liver  and  kidney  weights  in 
exposed  male  rats  compared  to  controls.  Absolute  liver  and 
kidney  weights  failed  to  demonstrate  this  dose  response  relation¬ 
ship.  No  significant  organ  weight  effects  were  seen  in  female 
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TABLE  47.  ORGAN  WEIGHTS8-  OF  RATS  21  MONTHS  AFTER 
90-DAY  CONTINUOUS  EXPOSURE  TO  JP-8 


MMe  !Uta 


— - - — 

Weight 

(K) 

%  of  Body 

(mg /m* ) 

body 

Liver 

Kidney 

Sp-pen 

Liver 

Kidney 

Spleen 

Control 

500 

1000 

440  t  9 

370  t  10b 
376  t  9b 

13.88  ±  0.52 

11.89  ±  0.62b 
13.53  ±  0.69 

3.24  1  0.15 
3.10  t  0.16 
3.64  ±  0 ,23b 

1.92  ±  0.41 
1.16  i  0. 15b 
1.64  ±  0.53 

3.16  i  0.11 
3.25  t  0 . 22b 
3.61  i  0 . 19b 

0.74  t  0.04 
0.85  t  0 . 06b 
0.98  i  0.09b 

0.45  ±  0.10 
0.31  ±  0.04 
0.44  ±  0.15 

PemaX©  Rats 

Concentration 

felgnt  (g) 

%  of  Body 

( mg  /  m  3  > 

Body 

Liver 

Kidney 

Spleen 

Liver 

Kidney 

Spleen 

Control 

500 

1000 

278  i  4 

269  t  5 

277  i  7 

7.69  1  0.20 
7.06  i  0.21 

7.37  ±  0.25 

1.94  1  0.03 
1.89  ±  0.04 
1.89  1  0.04 

0.56  t  0.04 
0.59  t  0.03 
0.78  t  0.22 

2.77  *  0.04 
2.63  ±  0.05 
2.67  ±  0.09 

0.70  t  0.01 
0.70  t  0.01 
0.69  t  0.02 

0.20  t  0.02 
0.22  t  0.01 
0.28  t  0.08 

*  Kean  t  SE,  N  -  9  or  10  samplea/group. 
b  different  from  control,  p  <  0.01. 

rats  examined  at  21  months  postexposure.  Increased  liver  weight 
had  been  noted  m  both  groups  of  female  rats  examined  at  exposure 
termination. 

The  results  of  the  blood  examinations  conducted  at  the  study 
termination  sacrifice  are  shown  in  Tables  48  and  49  for  male  and 
female  rats,  respectively.  Slight  reductions  in  red  blood  cell 
counts,  hematocrit,  and  hemoglobin  levels  were  noted  in  male  rats 
exposed  to  1000  mg/m3  JP-8.  These  findings  were  consistent  with 
the  reductions  in  these  erythrocyte  parameters  previously  notea 
in  male  rat  blood  examined  at  exposure  termination,  2  weeks  post¬ 
exposure  and  9  months  postexposure.  Increased  serum  BUN  was  also 
noted  in  male  rats  exposed  to  1000  mg/m3  JP-8.  This  effect  had 
also  been  seen  in  the  earlier  examinations.  Female  rat  blood 
failed  to  indicate  any  effects  that  could  be  considered  exposure 
related . 

Male  rat  urine  osmolality  and  pH  values  are  shown  in 
Table  50.  For  comparison,  results  of  previous  examinations  are 
also  shown.  Decreased  osmolality  was  noted  in  male  rats  exposed 
to  1000  mg/m3  JP-8  immediately  upon  exposure  termination  and  at 
subsequent  postexposure  examination  periods.  Examination  of 
urine  pH  values  failed  to  suggest  any  consistent  exposure  related 
effect . 

Although  the  complete  examination  of  all  tissues  collected 
from  the  animals  in  this  study  has  not  been  completed,  there  have 
been  limited  examinations  of  respiratory  tissues  collected  from 
rats  at  exposure  termination.  There  was  a  high  incidence  of 
pulmonary  inflammatory  lesions  noted  in  control  groups  indicating 
that  the  rats  were  experiencing  a  subclinical  pneumonia  at  the 
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TABLE  48.  MALE  RAT  BLOOD  PARAMETERS11  21  MONTHS  AFTER 
90-DAY  CONTINUOUS  EXPOSURE  TO  JP-8 


Control  500  mg/m3  1000  mg/m3 


WBC  (xlO3  cells/mm3) 

7.2 

± 

1.0 

6.7 

± 

0.6 

6.7 

± 

0.7 

RBC  (xlO6  cells/mm3) 

9.11 

± 

0.43 

8.39 

± 

0 . 37b 

8.09 

± 

0 . 27c 

HGB  (g/dl) 

17.1 

± 

0.8 

15.8 

± 

0.7 

15.6 

± 

0.4b 

HCT  (%) 

47.5 

± 

1.9 

44.2 

± 

1.8 

43.7 

± 

1 . 3b 

MCV  (pm3) 

52.3 

± 

0.4 

52.8 

± 

0.5 

54.1 

± 

0.3 

MCH  (pg) 

18.8 

+ 

0.3 

18.9 

± 

0.2 

19.4 

+ 

0.2 

MCHC  (g/dl) 

36.  t* 

± 

0.5 

35.7 

± 

0.3 

35.8 

± 

0.3 

Glucose  (mg/dl) 

179 

± 

14 

221 

i 

28b 

202 

± 

8 

Tot.  Pro.  (g/dl) 

6.59 

± 

0.10 

6.57 

± 

0.12 

6.61 

± 

0.12 

Albumin  (g/dl) 

C.85 

+ 

0.02 

0.82 

± 

0.03 

0.79 

± 

0.03 

Globulin  (g/dl) 

5.74 

± 

0.09 

5.75 

± 

0.09 

5.81 

± 

0.10 

A/G  Ratio 

0.15 

± 

0.01 

0.14 

± 

0.01 

0.14 

± 

0.01 

BUN  (mg/dl) 

19.0 

± 

0.5 

22.0 

± 

2.1 

23.8 

± 

1.5° 

Creatinine  (mg/dl) 

0.66 

± 

0.02 

0.81 

± 

0.09c 

0.77 

± 

0.04 

Calcium  (mg/dl) 

10.7 

± 

0.2 

11.1 

± 

0.2 

11.2 

± 

0 . 2b 

SGOT  ( IU/L) 

86 

+ 

3 

118 

+ 

llc 

92 

± 

6 

SGPT  (IU/L) 

45 

+ 

4 

49 

± 

7 

44 

f 

3 

Aik.  Phos.  (IU/L) 

73 

+ 

8 

67 

± 

5 

58 

+ 

4 

Bilirubin  (mg/dl) 

0.23 

+ 

0.03 

0.34 

+ 

0.12c 

0.29 

+ 

0.03 

a  Mean  ±  SE,  N  =  7-10  samples/group. 
13  Different  from  control,  p  <  0.05. 
c  Different  from  control,  p  <  0.01. 


time  of  sacrifice.  The  etiologic  agent  for  the  pneumonia  was 
most  likely  a  virus,  but  no  distinct  morphologic  features  were 
present  which  would  incriminate  a  singular  viral  disease. 

Because  viral  agents  or  environmental  conditions  causing 
pneumonia  in  rodents  may  subsequently  influence  tumorigenesis  in 
both  positive  and  negative  fashions,  it  was  decided  to  submit 
serological  samples  to  an  independent  laboratory  for  analysis. 

Samples  were  collected  from  20  control,  13  low  dose,  and  8 
high  dose  rats  sacrificed  at  9  months  postexposure.  Results  of 
the  tests  for  rat  coronavirus  (RCV)  and  sialodacryoadenitis  (SDA) 
using  ELISA  methodology  were  positive  in  the  vast  majority  of 
cases.  A  positive  response  for  this  test  is  >  0.17  absorbance 
units.  Most  of  the  rats  tested  demonstrated  values  in  excess  of 
1.00  absorbance  units,  indicating  that  at  some  time  during  their 
life  these  rats  had  become  infected  with  these  viral  agents. 
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TABLE  49.  FEMALE  RAT  BLOOD  PARAMETERS8-  21  MONTHS 
AFTER  90-DAY  CONTINUOUS  EXPOSURE  TO  JP-8 


Control 


WBC  (xlO3  cells/mm3) 

4.8 

+ 

0.2 

4.8 

+ 

0.4 

4.5 

+ 

0.2 

RBC  (xlO6  cel Is /mm3) 

7.40 

+ 

0.13 

7.47 

+ 

0.09 

7.56 

+ 

0.20 

HGB  (g/dl, 

15.0 

+ 

0.3 

15.1 

+ 

0.1 

15.1 

+ 

0.3 

HCT  (%) 

40.2 

+ 

0.8 

40.7 

+ 

0.5 

40.9 

+ 

1.1 

MCV  (ym3) 

54.3 

+ 

0.2 

54.4 

+ 

0.3 

54.2 

+ 

0.2 

MCH  (pg) 

20.3 

± 

0.1 

20.2 

+ 

0.1 

20.1 

+ 

0.2 

MCHC  (g/dl) 

37.4 

+ 

0.1 

37.1 

+ 

0.3 

37.0 

+ 

°g4 

Glucose  (mg/dl) 

240 

+ 

29 

176 

+ 

10b 

178 

± 

8b 

Tot.  Pro.  (g/dl) 

7.95 

+ 

0.2 

7.45 

± 

0.07° 

7.49 

± 

0.12 

Albumin  (g/dl) 

1.03 

± 

0.02 

1.00 

± 

O.Ol 

1.02 

± 

0.03 

Globulin  (g/dl) 

6.93 

± 

0.20 

6.45 

± 

0.06b 

6.47 

± 

0.11' 

A/G  Ratio 

0.15 

± 

0.02 

0.15 

± 

0.01 

0.16 

± 

0.01 

BUN  (mg/dl) 

16.7 

± 

1.0 

14.6 

± 

0.3 

15.2 

± 

0.5 

Creatinine  (mg/dl) 

0.78 

+ 

0.02 

0.64 

± 

0 . 03b 

0.63 

± 

0.02 

Calcium  (mg/dl) 

13.4 

± 

2.0 

10.9 

± 

0.3 

11.1 

+ 

0.2 

SGOT  (IU/L) 

134 

+ 

9 

104 

± 

6C 

130 

+ 

13 

SGPT  (IU/L) 

70 

± 

12 

53 

± 

3C 

52 

± 

4C 

Aik.  Phos.  (IU/L) 

88 

+ 

17 

73 

± 

7 

66 

+ 

6 

Bilirubin  (mg/dl) 

0.23 

± 

0.02 

0.17 

± 

0.02 

0.19 

± 

0.02 

8  Mean  ±  SE,  N  =  8  to  10  samples/group . 
b  Different  from  control,  p  <  0.01. 
c  Different  from  control,  p  <  0.05. 


TABLE  50.  URINE  OSMOLALITY  AND  pH  VALUES8  OF  RATS 
21  MONTHS  AFTER  90-DAY  CONTINUOUS  EXPOSURE  TO  JP-8 


Concentration 

m  3 


_ Examination  Period  -  Osmolality  (mOsm/L) _ 

Exposure  2-Week  9-Month  21-Month 

Preexposure  Termination  Postexposure  Postexposure  Postexposure 


Control  1450  t 
500  1462  ± 
1000  1412  ± 


89  1005  t  60 

83  925  t  141 

113  794  ±  60c 


1496  ±  114  1078 
1169  ±  57b  765 
1223  ±  43c  799 


±  155  890  ±  118 

i  80  463  ±  47b 

±  84  517  ±  47b 


Concentration 


_ Examination  Period  -  pH  Value _ 

Exposure  2-Week  9-Month 

Preexposure  Termination  Postexposure  Postexposure 


21 -Month 


Control 

8.1 

500 

7.7 

1000 

7.8 

±  0.1  7.7  ±  0.7 

±  0.1  7.1  ±  0.1b 

±  0.2  7.2  ±  0.1c 


7.4  ±  0.2  7.9 

6.5  ±  0.0b  8.4 

7.9  t  0.3C  7.8 


±  0.2  7.0  ±  0.1 

±  0.1c  6.5  ±  0.0C 

±  0.2  6.8  ±  0.1 


a 

b 

c 


Mean  ±  SE,  N  ■  9  to  10  samples/group. 
Different  from  control,  p  <  0.01. 
Different  from  control,  p  <  0.05. 
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The  effects  noted  in  rats  exposed  to  JP-8  appear  to  be  simi¬ 
lar  to  those  observed  in  rats  exposed  to  other  hydrocarbon  fuels. 
Although  most  of  these  changes  are  slight  they  include  anemia, 
increased  kidney  and  liver  weight,  and  decreased  urine  concen¬ 
trating  ability.  Tissue  samples  from  the  animals  from  this  study 
are  being  sent  to  an  independent  pathological  services  group  for 
examination.  Results  of  these  examinations  will  be  presented  in 
a  future  annual  report. 


THE  EXPERIMENTAL  DETERMINATION  OP  SAFE  ATMOSPHERIC 
EXPOSURE  CONCENTRATIONS  OF  JP-10  JET  FUEL 

JP-10  is  used  as  a  jet  fuel  either  alone  or  as  a  major  con¬ 
stituent  (70%)  of  JP-9  fuel  because  of  its  high  density  and  other 
desirable  properties.  It  is  also  used  as  a  missile  propellant  in 
air  breathing  turbojet  engines.  JP-10  is  a  synthetic  saturated 
polycyclic  hydrocarbon  identified  as  tricyclo  (5.2.1.02’6) 
decane.  It  is  the  exo-isomer  of  tetrahydrodicyclopentadiene. 

Gas  chromatographic  analysis  of  this  fuel  indicated  that  it  has  a 
98%  purity  with  the  endo-isomer  of  tetrahydrodicyclopentadiene  as 
the  major  impurity  (about  2%).  This  information  was  presented  in 
a  detailed  review  of  the  chemistry  and  the  use  of  JP-10  at  the 
Thirteenth  Conference  on  Environmental  Toxicology  (1982)  by 
I nman . 

The  acute  toxicity  of  JP-10  was  reported  by  Kinkead  et  al. 
(1979).  Oral  LDso  values  were  unobtainable  for  male  or  female 
Fischer  344  rats  and  for  Golden  Syrian  hamsters  since  the  maximum 
usable  volume  dose  of  20  mL/kg  caused  only  partial  mortality  in 
either  species.  MacEwen  and  Vernot  (1979)  reported  an  LD50  for 
female  C57BL/6  mice  of  3.9  mL/kg.  Deaths  occurred  within  48 
hours  of  treatment  with  convulsions  preceding  death.  The  ip  LD50 
values  for  rodents  were  1.2  mL/kg  and  1.6  mL/kg  for  male  and 
female  Fischer  344  rats,  respectively,  and  for  female  C57BL/6 
mice,  1.1  mL/kg.  Male  Golden  Syrian  hamsters  were  reported  to 
have  an  ip  LD50  value  of  1.4  mL/kg.  JP-10  caused  no  irritation 
to  eyes  or  skin  of  New  Zealand  White  rabbits,  but  was  found  to 
produce  mild  dermal  sensitization  in  Hartley  strain  guinea  pigs. 
MacEwen  and  Vernot  also  reported  that  the  4-hour  LC50  for  inhaled 
JP-10  was  1221  ppm  for  male  rats  and  1194  ppm  for  female  rats. 

The  ALC50  for  female  mice  was  given  as  930  ppm.  No  mortality  was 
seen  in  hamsters  exposed  6  hours  to  saturated  vapor  pressure  con¬ 
centrations.  JP-10  produced  no  deaths  in  a  group  of  New  Zealand 
White  rabbits  following  dermal  applications  of  20  mg/kg  (MacEwen 
and  Vernot,  1980). 
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Emergency  exposure  limit  studies  of  inhaled  JP-10  vapors 
were  reported  by  Kinkead  et  al.  (1979),  After  single  short  high 
level  exposures  of  beagle  dogs,  rats,  and  mice  they  found  slight 
CNS  responses  at  very  high  concentrations.  They  recommended 
concentrations  of  1000,  600,  and  150  ppm  for  10,  30,  and  60  min¬ 
utes  duration  for  short-term  exposure  limits. 

JP-10  was  not  embryotoxic  for  pregnant  ICR  mice  treated  with 
doses  of  this  fuel  up  to  0.8  mg/kg  during  organogenesis  (Lyng, 
1981).  In  studies  reported  by  Keller  et  al.  (1983)  JP-10 
did  not  produce  change  in  fetal  weight  or  difference  from  con¬ 
trols  of  malformations  or  resorption  of  rat  litters  from  dams 
treated  with  doses  of  JP-10  up  to  1000  mg/kg  on  gestation  days  6 
through  15.  Inhalation  exposures  of  pregnant  rats  during  this 
same  period  to  a  600  ppm  concentration  for  6  hours/day  caused 
some  convulsions  in  the  dams  but  no  measureable  changes  in  the 
fetuses  or  pups  in  resulting  litters. 

Short-term  bioassays  were  described  by  Arthur  D.  Little  Inc. 
(1982)  in  which  only  a  marginal  clastogenic  effect  was  reported 
for  the  CHO/chromosome  abberation  assay.  Negative  or  inconclu¬ 
sive  responses  were  reported  for  the  Ames  Salmonella/mammalism 
microsomal  mutagenicity  assay,  the  CHO/HGPRT2  gene  mutation 
assay,  the  CHO /sister  chromatid  assay,  and  the  BALB/C-3T3  neo¬ 
plastic  transformation  assay. 

The  tissue  distribution  of  JP-10  after  intraperitoneal  in¬ 
jection  of  radiolabeled  fuel  was  reported  by  Inman  et  al.  (1982) 
who  also  identified  the  major  urinary  metabolite  as  5-hydroxy 
exo-tetrahydrodicyclopentadiene  excreted  as  the  glucuronide 
conjugate. 

Because  the  use  of  JP-10  in  operational  missiles  was  being 
expanded,  the  numbers  of  fuel  handlers  exposed  to  this  material 
were  also  increasing,  and  there  was  a  need  to  develop  data  for 
hazard  evaluation  and  to  establish  safe  exposure  limits. 

Preliminary  acute  inhalation  experiments  had  shown  that  mice 
were  the  most  sensitive  species  to  JP-10  when  6  animals  exposed 
to  1000  ppm  died  within  4  hours.  To  aid  in  selection  of  a  con¬ 
centration  of  JP-10  suitable  for  use  in  a  year-long,  6  hours/day, 
5  days/week  exposure  regimen,  groups  of  5  female  rats  and  5  fe¬ 
male  mice  were  exposed  to  250  ppm  for  five  6-hour  exposure  days. 
The  coordination  of  the  mice  appeared  slightly  affected  on  the 
first  day  of  exposure.  Respiration  rates  of  both  rats  and  mice 
were  more  rapid  than  normal  during  the  second  days'  exposure. 

One  mouse  had  a  slight  convulsion  early  on  the  second  exposure 
day,  but  recovered  and  appeared  normal  thereafter.  For  the  rest 
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of  the  exposure,  no  further  signs  of  toxic  stress  were  noted  in 
either  species.  Mean  body  weights  of  the  mice  did  not  increase 
during  the  week  following  termination  of  exposure. 

As  a  result  of  the  toxic  effects  shown  in  mice  in  the  short¬ 
term  inhalation  tests,  a  concentration  of  100  ppm  (556  mg/m3) 
JP-10  was  selected  for  chronic  inhalation  studies  with  animals  to 
determine  safe  exposure  limits. 

The  JP-10  used  for  these  animal  exposures  was  obtained  by 
the  Air  Force  from  Suntech,  Inc.,  Marcus  Hook,  Pennsylvania. 

Purebred  beagle  dogs  were  selected  from  a  baseline  group  on 
the  basis  of  examination  and  general  observation  of  good  health 
and  several  preexposure  clinical  chemistry  determinations. 

Fischer  344  rats  and  Golden  Syrian  hamsters  were  obtained  from 
the  Charles  River  Breeding  Laboratories.  C57BL/6  mice  were  pur¬ 
chased  from  the  Jackson  Laboratory  and  beagle  dogs  from  Ridgelan 
Farms  Inc.  Two-hundred  female  mice,  100  male  hamsters,  50  rats 
and  4  dogs  of  each  sex  were  used  in  the  exposure  group  and  an 
equal  number  of  animals  of  each  sex  and  species  served  as  un¬ 
treated  controls.  The  dogs  and  rats  were  housed  in  one  exposure 
chamber  with  mice  and  hamsters  in  a  separate  companion  chamber. 

Animal  exposures  to  JP-10  were  conducted  for  1  year,  using 
an  industrial  work  week  schedule  of  6  hours/day,  5  days/week, 
with  holidays  and  weekends  off  to  simulate  a  human  exposure 
regimen.  The  Thomas  Dome  exposure  chambers  (Thomas,  1965)  were 
operated  with  nominal  airflows  of  30  cfm  at  a  slightly  reduced 
pressure,  725  mm  Hg,  to  avoid  leakage  of  JP-10  vapor  into  the 
laboratory  environment. 

Details  of  the  exposure  methods,  tests  performed,  and  some 
results  were  presented  in  a  previous  annual  report  (MacEwen  and 
Vernot,  1933).  During  the  current  report  period,  results  of 
histopathologic  examination  of  tissues  from  the  exposed  and 
control  dogs  were  received. 

Histopathologic  findings  in  the  15  dogs  that  were  sacrificed 
5  years  postexposure  were  considered  to  be  common  changes  typi¬ 
cally  seen  in  aging  dogs.  Two  exposed  males  had  patchy,  mild 
testicular  atrophy  characterized  by  loss  of  spermatogonia.  Since 
evidence  of  long-term  testicular  damage  was  lacking,  this  lesion 
was  probably  not  exposure  related.  Three  tumors  were  seen  in  the 
dogs  used  in  this  study.  One  control  male  had  an  edematous  polyp 
of  the  anus,  while  an  adenoma  was  seen  in  the  adrenal  cortex  of 
another  male  control.  An  adrenal  pheochromocy toma  was  observed  in 
an  exposed  female  dog.  All  of  these  tumors  are  common  in  dogs. 
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Histologic  changes  noted  in  rats,  nice,  and  hamsters  were 
previously  reported.  The  important  findings  in  these  species 
were  an  increased  incidence  of  fatty  livers  in  JP-10  exposed 
mice,  and  of  mo^e  significance,  renal  tubular  nephrosis  together 
with  a  significant  increase  in  benign  and  malignant  renal  cell 
tumors  in  male  rats.  The  significance  of  renal  carcinoma  and 
increased  renal  nephropathy  in  the  male  rat  is  not  clearly  under¬ 
stood.  Nephropathy,  common  to  many  hydrocarbon  fuels,  has  not 
been  seen  in  the  female  rat  nor  in  mice,  hamsters  or  dogs.  To 
date  there  has  been  no  conclusive  evidence  of  renal  neoplasia  in 
man  resulting  from  exposure  to  hydrocarbon  fuels. 

The  results  of  this  study  provide  evidence  that  100  ppm 
JP-10  may  not  be  a  safe  exposure  level  for  man.  Based  on  the 
information  developed  in  this  study,  a  time  weighted  average 
(TWA)  interim  exposure  limit  of  25  ppm  JP-10  has  been  recommended 
(McNaughton,  1981;  McNaughton  et  al.,  1984). 


SUBCHRONIC  90-DAY  CONTINUOUS  INHALATION  EXPOSURE 
TO  DIMETHYL  METHYLPHOSPHOHATE 

Dimethyl  methylphosphonate  (DMMP)  is  used  by  the  military  as 
a  nerve  gas  simulant  in  training  exercises.  Si  nee  this  type  of 
use  may  result  in  human  exposure  through  inhalation  of  DMMP  vapor 
or  physical  contact  with  skin  and  clothing,  the  Air  Force  re¬ 
quested  that  the  THRU  evaluate  the  toxic  hazard  associated  with 
DMMP. 

A  90-day  continuous  exposure  regimen  was  developed  to  test 
DMMP.  Mice  and  rats  were  exposed  to  concentrations  of  either  25 
ppm  or  250  ppm  DMMP.  A  sham  exposed  control  group  was  also  main¬ 
tained.  Groups  consisted  of  85  male  and  85  female  Fischer  344 
rats  and  100  male  and  100  female  C57BL/6  mice.  Following  the 
exposure  period  15  rats  and  25  mice  of  each  sex  from  each  group 
were  sacrificed  for  tissue  collection  and  examination.  An  addi¬ 
tional  10  rats  and  10  mice  of  each  sex  and  group  were  sacrificed 
at  3  and  12  months  postexposure.  All  groups  will  be  terminated 
for  examination  at  the  24th  month  of  the  study. 

A  complete  description  of  the  DMMP  generation  and  monitoring 
system  was  provided  in  the  previous  annual  report  (MacEwen  and 
Vernot,  1984).  Also  included  in  that  report  were  the  results  of 
the  examinations  of  blood  samples  and  organ  weights  conducted  at 
exposure  termination  and  3  months  postexposure.  Since  that  re¬ 
port  the  12  month  postexposure  sacrifice  has  been  completed. 
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Results 


Mortality  in  animals  exposed  continuously  to  DMMP  for  90 
days  is  shown  in  Table  51. 


TABLE  51.  MORTALITY41  IN  ANIMALS  EXPOSED  TO  DMMP 


Control 

25  ppm 

250  pprr. 

C57BL/6 

Mice,  Male  (17)b 

15/55 

17/54 

28/55c 

C57BL/6 

Mice,  Female  (17) 

26/55 

31/54 

43/6 lc 

Fischer 

344  Rats,  Male  (18) 

7/50 

10/47 

26/48° 

Fischer 

344  Rats,  Female  (18) 

12/47 

11/48 

16/45 

a  Denominator  censored  to  exclude  scheduled  sacrifices,  missing, 
and  accidental  deaths.  Original  N  values  =  100  mice/sex,  85 
rats/sex. 

13  Postexposure  month. 
c  Different  from  control,  p  <  0.05. 


Analysis  of  the  mortality  data  with  a  Mantel-Cox  test  indi¬ 
cated  significant  difference  between  the  male  and  female  mice  and 
male  rat  exposure  groups  and  respective  controls. 

Male  rat  body  weights  are  shown  in  Figure  6.  Male  rats 
exposed  to  250  ppm  DMMP  demonstrated  reduced  weight  gains  during 
the  90  day  exposure  period  when  compared  to  controls.  Subsc- 
quently,  the  body  weights  returned  to  normal.  However,  during 
the  later  period  of  postexposure  observation,  the  male  rats  ex¬ 
posed  to  250  ppm  DMMP  have  shown  a  considerable  weight  loss. 
Although  both  controls  and  25  ppm  DMMP  exposed  male  rats  are  also 
showing  a  weight  loss,  it  is  not  as  severe  as  that  seen  in  the 
high  level  exposure  group.  Female  rats  exposed  to  250  ppm  DMMP 
also  gained  less  weight  than  control  rats  during  the  exposure 
(Figure  7).  Subsequent  postexposure  weighings  showed  sustained 
weight  gain  in  the  250  pprn  exposure  group,  and  at  3  months  after 
removal  from  exposure  no  significant  differences  were  noted  be¬ 
tween  the  body  weights  of  this  group  and  control  female  rats. 
Exposure  to  25  ppm  DMMP  did  not  affect  female  rat  body  weight 
gain. 


Blood  was  collected  from  the  rats  sacrificed  at  12  months 
postexposure.  The  results  of  hematology  and  clinical  chemistry 
measurements  are  shown  in  Tabl  s  52  and  53  for  males  and  female 
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Pigure  7.  Effect  of  DMMP  on  female  rat  body  weight 


TABLE  52.  MALE  RAT  BLOOD  PARAMETERS4  12  MONTHS 
AFTER  EXPOSURE  TO  DMMP 


Control  25  ppm  250  ppm 


WBC  (xlO3  cells/mm3) 

6.2 

± 

0.2 

6.6 

± 

0.4 

6.6 

± 

0.3 

RBC  (xlO6  cells/mm3) 

8.81 

± 

0.13 

8.20 

± 

0.10b 

8.12 

± 

0 . 22b 

HGB  (g/d 1 ) 

15.6 

± 

0.2 

14.9 

± 

0.2 

14.8 

± 

0 . 3b 

HCT  (%) 

43.5 

± 

0.8 

40.0 

± 

0 . 5b 

40.8 

± 

l.lb 

MCV  (ym3) 

49.4 

± 

0.2 

48.8 

± 

0.2 

50.3 

± 

0.3 

MCH  (pg) 

17.8 

± 

0.2 

18.2 

± 

0.9 

18.2 

± 

0.2 

MCHC  (g/dl) 

36.0 

± 

0.4 

37.3 

± 

0.1b 

36.3 

± 

0.4 

Glucose  (mg/dl) 

300 

+ 

33 

209 

+ 

9 

285 

+ 

44 

Tot.  Pro.  (g/dl) 

7.25 

± 

0.04 

7.15 

± 

0.06 

6.90 

± 

0.07° 

Albumin  (g/dl) 

0.91 

+ 

0.01 

0.88 

+ 

0.02 

0.82 

± 

0.01c 

Globulin  (g/dl) 

6.35 

± 

0.04 

6.27 

± 

0.06 

6.09 

± 

0.07b 

A/G  Ratio 

0.14 

± 

0.002 

0.14 

± 

0.003 

0.13 

± 

0.002i 

BUN  (mg/dl) 

15.7 

± 

0.4 

15.6 

± 

0.9 

18.4 

± 

0 . 7b 

Creatinine  (mg/dl) 

0.6 

± 

0.02 

0.5 

± 

0.02 

0.5 

± 

0.02 

Calcium  (mg/dl) 

11.6 

± 

0.2 

11.1 

± 

0.1 

11.2 

± 

0.1 

SGOT  ( IU/L) 

97 

± 

5 

115 

± 

7 

92 

± 

14 

SGPT  (IU/L) 

80 

+ 

4 

79 

+ 

5 

78 

+ 

9 

Aik.  Phos.  (IU/L) 

95 

+ 

7 

92 

4 

6 

93 

+ 

10 

Bilirubin  (mg/dl) 

0.2 

+ 

0.01 

0.2 

+ 

0.02 

0.2 

+ 

0.02 

a  Mean  +  SE,  N  -  10. 
b  Different  from  control,  p  <  0.05. 
c  Different  from  control,  p  <  0.01. 

rats,  respectively.  Although  there  were  some  statistical  differ 
ences  between  the  test  and  control  male  rats,  all  values  were 
within  normal  ranges.  Male  rats  exposed  to  DMMP  continued  to 
show  reduced  red  blood  cell  counts,  hematocrit  and  hemoglobin 
levels.  These  reductions  were  slight,  but  they  were  consistent 
with  the  effects  noted  in  male  rats  examined  at  exposure  termina 
tion  and  3  months  postexposure.  No  abnormal  values  were  noted  i 
the  female  rats  examined.  At  exposure  termination  blood  samples 
obtained  from  female  rats  exposed  to  250  ppm  DMMP  had  shown  re¬ 
duced  erythrocyte  parameters. 

Organ  weights  measured  at  the  12-month  postexposure  sacri¬ 
fice  are  shown  in  Table  54.  Organ  weights  relative  to  body 
weights  are  presented  in  Table  55.  Reduced  fasted  body  weights 
were  seen  in  both  groups  of  exposed  male  rats  when  compared  to 
controls.  This  was  not  considered  to  be  ?n  exposure-related  ef¬ 
fect  since  there  was  no  dose  response  and  normal  non-fasted  body 


TABLE  53.  FEMALE  RAT  BLOOD  PARAMETERS8-  12  MONTHS 
AFTER  EXPOSURE  TO  DMMP 


Control  25  ppm  250  ppm 


WBC  (xlO3  cells/mm3) 

4.9 

± 

0.3 

4.1 

+ 

0.4 

3.9 

+ 

0.2 

RBC  (xlO6  cells/mm3) 

7.33 

± 

0.43 

7.51 

± 

0.16 

7.61 

+ 

0.92 

HGB  (g/dl) 

15.4 

± 

0.3 

15.1 

+ 

0.2 

15.2 

+ 

0.2 

HCT  (%) 

39.2 

± 

2.2 

40  6 

± 

0.8 

41.2 

+ 

0.6 

MCV  (pm3) 

53.6 

± 

0.3 

54.1 

± 

0.2 

54.2 

± 

0.4 

MCH  (pg) 

22.2 

± 

2.3 

20.2 

± 

0.3 

19.9 

± 

0.2 

MCHC  (g/dl) 

41.2 

± 

4.0 

37.4 

± 

0.7 

36.8 

± 

0.4 

Glucose  (mg/dl) 

179 

± 

12 

194 

± 

24 

163 

± 

5 

Tot.  Pro.  (g/dl) 

7.61 

± 

0.11 

7.49 

± 

0.16 

7.33 

± 

0.09 

Albumin  (g/dl) 

0.96 

+ 

0.02 

0.98 

+ 

0.02 

0.95 

+ 

0.01 

Globulin  (g/dl) 

6.64 

+ 

0.10 

6.53 

± 

0.15 

6.39 

+ 

0.09 

A/G  Ratio 

0.15 

+ 

0.003 

0.15 

± 

0.003 

0.15 

+ 

0.002 

BUN  (mg/dl) 

17.5 

± 

0.9 

15.8 

± 

0.6 

16.4 

± 

0.6 

Creatinine  (mg/dl) 

0.5 

+ 

0.02 

0.5 

± 

0.03 

0.4 

± 

0.04 

Calcium  (mg/dl) 

11.3 

± 

0.1 

11.0 

± 

0.3 

10.8 

± 

0.1 

SGOT  ( IU/L) 

127 

± 

17 

93 

± 

9 

94 

± 

6 

SGPT  (IU/L) 

82 

± 

16 

60 

± 

6 

72 

± 

6 

Aik.  Phos.  (IU/L) 

88 

± 

7 

72 

± 

4 

74 

± 

4 

Bilirubin  (mg/dl) 

0.2 

± 

0.02 

0.2 

± 

0.02 

0.2 

± 

0.02 

a  Mean  +  SE  (N). 


TABLE  54.  ORGAN  WEIGHTS8-  OF  RATS  12  MONTHS  AFTER 
90-DAY  CONTINUOUS  EXPOSURE  TO  DMMP 

_ Male  Rats _ 

_ Weight  (g) _ 

Body  Liver _  Kidney  Spleen  Testes 

472  ±  8  12.70  ±  0.48  3.09  t  0.08  0.75  ±  0.03  3.67  ±  0.09 

436  ±  7b  12.64  ±  0.43  3.01  ±  0.06  0.76  ±  0.02  3.64  ±  0.07 

442  ±  8C  13.19  ±  0.41  3.28  ±  0.08c  0.85  ±  0.03c  2.27  ±  0.23b 


_ Female  Rats _ 

_ Weight  (g) _ 

Body  Liver  Kidney  Spleen 

254  +  13  6.54  +  0.23  1.82  ±  0.05  0.50  ±  0.01 

257  t  5  6.46  ±  0.15  1.78  ±  0.03  0.52  ±  0.02 

255  +  5  6.46  ♦  0.15  1.82  ±  0.03  0.54  ±  0.02 


Concentration 

_ LrehiI _ 

Control 

25 

250 


Concentration 
(PPm> _ 

Control 

25 

250 


* 

a  Mean  ±  SE,  N  -  9  or  10  samples/group. 
b  Different  from  control,  p  <  0.01. 
c  Different  from  control,  p  <  0.05. 


121 


L 


TABLE  55.  RELATIVE  ORGAN  WEIGHTS*1  OP  RATS  12  MONTHS  AFTER 
90-DAY  CONTINUOUS  EXPOSURE  TO  DMMP 


Male  Rats 


Liver 


Kidney 


Spleen 


Testes 


Concentration 

_ (PPm) _ 

Control 

25 

250 

Concentration 

_ lEP.rc) _ 

Control 

25 

250 


2.69  ±  0.08 
2.90  ±  0.07 
2.99  ±  0 ,08b 


Liver 


2.63  ±  0.18 
2.52  ±  0.06 
2.54  ±  0.05 


0.66  ±  0.01 
0.69  ±  0.01 
0.74  ±  0.02b 

Female  Rats 


0.74  ±  0.05 
0.70  ±  0.01 
0.71  ±  0.02 


0.16  ±  0.01 
0.17  ±  0.003 
0.19  ±  0.01c 


0.20  ±  0.01 

0.20  ±  0.01 

0.21  ±  0.01 


0.78  ±  0.02 
0.84  ±  0.03 
0.52  ±  0 .06° 


Kidney  Spleen 


a  Mean  ±  SE  (%  of  body  weight),  N  =  9  or  10  samples/group. 
b  Different  from  control,  p  <  0.01. 
c  Different  from  control,  p  <  0.05. 


weights  for  the  same  period  are  not  greatly  different.  Con¬ 
sistent  with  the  organ  weight  measurements  taken  at  the  90-day 
exposure  termination  and  3  months  postexposure  were  increased 
liver  and  kidney  weights  and  reduced  testicular  weights  in  male 
rats  exposed  to  250  ppm.  These  changes  were  indicated  in  both 
absolute  and  relative  organ  weights.  Changes  in  organ/body 
weight  ratios  of  male  rats  at  the  25  ppm  level  probably  reflect 
the  reduced  body  weight  of  the  groups.  No  abnormal  organ  weight 
effects  were  seen  in  the  female  rats  examined  at  12  months  post¬ 
exposure.  Increased  liver  and  kidney  weights  had  previously  been 
noted  in  female  rats  exposed  to  250  ppm  DMMP  when  examined  at  the 
90-day  exposure  termination  sacrifice. 


Discussion 

Dunnick  et  al.  (1984)  reported  reproductive  effects  in  male 
rats  receiving  oral  doses  of  DMMP.  In  that  study  no  testicular 
weight  loss  was  observed  in  rats  treated  with  63  doses  of  DMMP  at 
concentrations  up  co  2000  mg/kg.  Chapin  et  al.  (1984)  saw  sig¬ 
nificantly  reduced  epididymis  weight  in  male  rats  receiving  daily 
oral  doses  of  DMMP  at  1750  mg/kg,  5  days/week  for  12  weeks. 
However,  no  significant  testicular  weight  loss  was  seen.  These 
studies  established  male  rat  reproductive  dysfunction  as  well  as 
testicular  tissue  alteration. 


The  present  study  has  demonstrated  that  inhalation  exposure 
to  250  ppm  DMMP  for  13  weeks  results  in  significant  testicular 
weight  reduction.  Even  after  1-year  postexposure  the  testes  of 
male  rats  exposed  to  250  ppm  DMMP  continued  to  weigh  substantial¬ 
ly  less  than  controls.  Although  microscopic  examination  of  the 
tissues  collected  during  the  study  has  not  yet  begun,  testicular 
tissue  collected  from  male  rats  included  in  a  dominant  lethal 
study  conducted  by  the  Air  Force  as  an  adjunct  to  the  90-day 
study  has  shown  degenerative  change  (unpublished  data).  These 
effects  were  limited  to  rats  exposed  to  250  ppm  DMMP  and  coin¬ 
cided  with  a  reduction  in  reproductive  competency.  Whether  these 
effects  also  occurred  in  male  mice  exposed  to  DMMP  vapor  is 
unknown . 

This  study  is  continuing  with  terminal  sacrifices  of  experi¬ 
mental  animals  scheduled  for  mid  1985.  The  results  obtained  at 
study  termination  and  histologic  evaluations  will  be  presented  in 
a  future  annual  report. 


A  SUBCHRONIC  INHALATION  TOXICITY  STUDY  OF 
O-ETHYL-O '-(2-DII SOPROPYLAMI NOETHYL ) METHYLPHOSPHON I TE  ( EDMP ) 

The  THRU  has  been  conducting  a  series  of  studies  to  char¬ 
acterize  the  toxic  hazard  associated  with  the  Army  chemical  0- 
ethyl-0 ' -(2-di isopropyl ami ncethyl )methylphosphonite  (EDMP)  also 
known  by  the  Army  designation,  QL.  Tests  already  completed  by 
the  THRU  include  single  dose  oral,  intraperitoneal  and  dermal 
toxicity,  irritation  of  skin  and  eye  tissues,  sensitization,  and 
neurotoxicity  (MacEwen  and  Vernot,  1984).  Because  of  the  possi¬ 
bility  of  EDMP  inhalation  exposure  by  personnel  during  manufac¬ 
ture,  processing,  or  transportation,  subchronic  inhalation  toxic¬ 
ity  studies  have  also  been  conducted  (McNamara  et  al.,  1981). 

As  part  of  the  THRU’s  investigation  of  the  toxic  effects  of 
EDMP,  a  13-week  inhalation  study  was  initiated.  To  establish  the 
maximum  tolerated  concentration  for  the  13-week  subchronic  expo¬ 
sure,  a  2-week  inhalation  study  was  also  conducted.  The  results 
of  these  studies  are  being  reviewed  and  will  be  presented  in  the 
next  annual  report. 
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THE  DETERMINATION  OF  A  6-HOUR  INHALATION  LC50  OF  O-ETHYL-O'- 
(DI I SOPROPYLAM I  NOETHYL  )  METHYLPHOSPHON I TE  (  EDMP) 

USING  MALE  AND  FEMALE  SPRAGUE-DAVLEY  RATS 

Because  of  the  possibility  of  exposure  of  military  and  ci¬ 
vilian  personnel  to  EDMP  during  manufacturing,  processing,  or 
transportation,  the  Army  has  a  strong  interest  in  characterizing 
its  acute  toxicity.  Previous  experiments  have  been  conducted  to 
determine  the  effects  of  acute  inhalation  exposure  to  EDMP 
(Dimmick  Jr.  et  al.,  1979).  Exposure  to  12,300  mg/m3  for  1  hour 
and  2,350  mg/m3  for  6  hours  failed  to  produce  50%  mortality  in 
rats  or  guinea  pigs.  Intravenous  (iv)  administration  yielded  an 
LD50  of  203.7  mg/kg  in  mice  and  164.4  -  207.5  mg/kg  in  rabbits. 
The  iv  values  would  classify  this  material  as  toxic  but  not 
highly  toxic.  McNamara  et  al.  (1981)  performed  27-week  sub¬ 
chronic  inhalation  studies  to  5.0  and  22.4  mg/m3.  Experimental 
animals  exposed  were  Sprague-Dawley/Wistar  rats,  ICR  Swiss  and 
"A"  strain  mice,  and  Hartley  guinea  pigs.  Measurements  were  made 
of  hematologic  and  clinical  chemistry  parameters,  pulmonary  re¬ 
sistance  in  guinea  pigs,  spontaneous  activity  in  rats,  and  organ 
pathology . 

Additionally  specific  tests  were  run  to  determine  sensitiza¬ 
tion  potential,  dominant  lethal  mutation  capability,  teratogenic¬ 
ity,  fetal  toxicity,  and  effect  on  reproduction.  In  a  multi¬ 
generation  study,  3  generations  of  rats  were  examined  after  a 
10-week  exposure  of  the  progenitors.  The  only  positive  finding 
was  depression  of  red  blood  cell  cholinesterase  after  27  weeks  of 
exposure  to  both  concentrations  in  rats  and  in  mice  exposed  to 
the  higher  level. 

The  unstable  character  of  EDMP  was  demonstrated  in  the  sub¬ 
chronic  inhalation  studies  in  which  analyzed  concentrations 
ranged  from  13-41%  of  nominal. 

Six-hour  inhalation  studies  were  performed  in  this  laborato¬ 
ry  using  CDF*( Fischer  344)/CrlBR  male  and  female  rats  and  hybrid 
B6C3Fl/CrlBR  male  and  female  mice  (MacEwen  and  Vernot,  1984). 

The  6-hour  LCso  values  and  95%  confidence  limits  for  male  and 
female  rats  are  2520  (2130-3280)  and  209  (142-339)  mg/m3,  re¬ 
spectively.  The  values  for  male  and  female  mice  are  3500  (3040- 
3480)  and  2360  (2180-2570)  mg/m3,  respectively.  Female  rats  were 
found  to  be  much  more  susceptible  to  the  toxic  effects  of  this 
compound  than  male  rats  or  either  sex  of  mice.  This  would  in¬ 
dicate  that  the  EDMP  is  more  toxic  than  was  found  in  the  previous 
inhalation  tests. 
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The  unusual  disparity  in  the  toxic  response  of  the  female 
Fischer  344  rats  was  not  noted  in  previous  studies  using  Sprague- 
Dawley  rats.  To  determine  if  the  female  Fischer  344  female  rat 
reacts  differently  from  females  of  other  rat  strains,  the  6-hour 
inhalation  exposures  were  repeated  using  male  and  female  Sprague- 
Dawley  rats. 

The  EDMP  was  supplied  by  the  U.  S.  Army  Chemical  Systems 
Laboratory  and  was  the  same  as  was  used  in  the  previous  studies. 

Groups  consisting  of  10  male  and  10  female  Sprague-Dawley 
rats  aged  9  to  11  weeks  were  used  for  the  determination  of  the 
6-hour  LC50.  Control  groups  were  maintained  for  comparative 
purposes . 

The  compound  was  aerosolized  into  aim3  Rochester  chamber. 

A  Solo-Sphere®  and/or  Collison  Nebulizer  were  used  for  the  gen¬ 
eration  of  the  aerosol.  Andersen  impactor  samples  were  taken  for 
particle  size  analysis. 

Nominal  concentrations  were  obtained  by  material  balance 
calculation  to  correlate  with  methods  for  continuous  chemical 
analysis  by  an  infrared  analyzer.  A  gas  chromatographic  analysis 
was  run  cnce/hour  to  determine  relative  concentration  of  EDMP  and 
its  decomposition  products. 

Ten  rats  were  exposed  at  each  concentration  level,  and  the 
LC50  with  its  95%  confidence  limits  calculated  using  the  probit 
method  of  Finney  (1971).  Deaths  which  occurred  during  the  14-day 
observation  period  were  included  in  the  final  mortality  tally. 

The  rats  were  observed  frequently  during  the  exposure  and 
twice  daily  during  the  14-day  holding  period.  Visible  signs  of 
toxicity  were  recorded.  Body  weights  of  all  animals  were 
obtained  prior  to  exposure  and  at  1,  2,  4,  7,  and  14  days 
postexposure. 

Any  rat  that  died  during  exposure  or  during  the  14-day 
observation  period  received  gross  examination.  The  surviving 
animals  were  observed  .‘or  14  days  or  until  signs  of  reversible 
toxicity  subsided  at  which  time  they  were  sacrificed  for  gross 
examination. 

An  additional  group  of  10  male  and  10  female  Sprague-Dawley 
and  Fischer  344  rats  were  exposed  for  6  hours  to  500  mg/m3  EDMP 
for  determination  of  cholinesterase  activity.  The  activity 
(Ellman,  1961)  was  measured  in  both  serum  and  red  cells. 
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The  mortality  data  shown  in  Table  56  show  the  results  of 
both  male  and  female  rat  exposures.  As  was  seen  in  the  previous 
study  using  Fischer  344  rats,  the  toxicity  of  the  compound  ap¬ 
pears  to  be  biphasic  in  nature.  Also,  a  sex-related  toxicity 
difference  was  apparent  in  the  Sprague-Dawley  rat  as  it  was  in 
the  Fischer  344  rat  The  difference  beteween  LC50  of  the  male 
and  female  Fischer  344  rats  was  of  a  factor  of  10  while  the 
difference  in  the  LC50  of  male  and  female  Sprague-Dawley  rats  is 
a  factor  of  4. 


TABLE  56.  MORTALITY  AFTER  6-HOUR  INHALATION  EXPOSURES 
OF  MALE  AND  FEMALE  SPRAGUE-DAWLEY  RATS  TO  EDMP 


Mortality  Ratio 

Concentration,  mg/m3  Males  Females 


3617 

10/10 

-- 

2955 

8/10 

— 

2399 

5/10 

10/10 

2026 

1/10 

8/10 

1715 

2/10 

6/10 

1534 

0/10 

3/10 

1093 

2/10 

7/10 

733 

3/10 

5/10 

503 

3/10 

5/10 

342 

6/10 

2/10 

118 

0/10 

-- 

72 

2/10 

0/10 

Female  rat  LC50  and  95%  C.L.  *  844  (535-1220)  mg/m3 
Male  rat  LC50  and  95%  C.L.  *  2971  mg/m3a 


a  Due  to  the  wide  spread  in  mortality  effects,  a  confidence  limit 
could  not  be  calculated. 


A  group  consisting  of  10  male  and  10  female  Sprague-Dawley 
and  10  male  and  10  female  Fischer  344  rats  were  exposed  for  6 
hours  to  a  mean  concentration  of  512  mg/ra3  EDMP.  One  female 
Sprague-Dawley,  1  male  Fischer  344  and  all  10  female  Fischer  344 
rats  died  following  exposure. _ 

Forty-eight  hours  after  exposure,  blood  was  sampled  from  5 
rats  from  each  of  the  surviving  groups  for  determination  of  cho¬ 
linesterase  activity.  The  activity  was  measured  in  both  plasma 
and  red  cells  with  the  results  shown  in  Table  57.  Cholinesterase 
was  severely  inhibited  at  48  hours. 


126 


TABLE  57.  EFFECT  OF  6-HOUR  INHALATION  EXPOSURE  TO 
512  MG/M3  EDMP  ON  CHOLINESTERASE  RATS  (N=5) 


Percent  of  Pretreatment 
Cholinesterase  Activity8- 

Strain _  Sex  Plasma  Erythrocyte 


Sprague-Dawley 
Sprague -Da wley 
Fischer  344 


M  28.7+2.5 
F  36.2  ±  4.8 
M  35.1  ±  2.3 


6.8  ±  1.6 
6.3  ±  1.7 
5.9  ±  0.4 


a  Mean  ±  SE;  48  hours  postexposure. 


This  study  and  the  previous  6-hour  LC50  inhalation  study  on 
Fischer  344  rats  had  indicated  the  possibility  of  a  biphasic 
concentration  effect  on  mortality.  Repeat  6-hour  exposures  were 
done  using  only  Fischer  344  male  rats  at  preselected  concentra¬ 
tions  to  determine  if  the  biphasic  effect  was  reproducible. 
Groups  of  10  male  Fischer  344  rats  each  were  exposed  to  nominal 
concentrations  of  2400,  2000,  1600,  1200,  800,  or  400  mg/m3.  A 
summary  of  the  results  is  shown  in  Table  58. 


TABLE  58.  EFFECT  OF  6-HOUR  INHALATION  EXPOSURES  TO  EDMP  ON 
MALE  FISCHER  344  RATS  (N=10) 


Nominal  Cone., 

Analyzed  Cone., 

Mortality 

mg/m3 

mg/m3 

Ratio 

2400 

2460 

10/10 

2000 

1937 

10/10 

1600 

1618 

10/10 

1200 

1175 

10/10 

800 

800 

10/10 

400 

397 

10/10 

All  exposures  resulted 

in  100%  mortality. 

Analysis  of 

sample  of  EDMP  has  shown  that  the  proportions  of  0-(diisopropyl- 
aminoethyl )methyl  phosphinate  and  0-ethyl,  O' -diisopropylamino- 
ethyl)methyl  phosphonate  are  much  higher  than  what  was  found  in 
the  sample  used  for  the  earlier  LCso  tests.  The  latest  exposures 
have  shown  that  the  biphasic  nature  of  previous  mortality  re¬ 
sponses  was  probably  a  reflection  of  the  imprecision  of  the  LC50 
determinations  caused  by  differences  in  toxicity  of  EDMP  aerosols 
of  different  composition.  The  results  also  imply  that  the  LC50 
obtained  for  female  rats  (209,  95%  confidence  limits  ■  142-339) 
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is  a  better  measure  of  the  acute  toxicity  of  EDMP  to  rats  than 
the  previous  value  obtained  for  male  rats  (2520,  95%  confidence 
limits  =  2130-3280). 


THE  ACUTE  TOXICITY  TESTING  OP  POUR  COMPOUNDS 
ASSOCIATED  WITH  MANUFACTURE  OF  EDMP 

Because  of  the  possibility  of  exposure  of  military  and  ci¬ 
vilian  personnel  to  EDMP  manufacturing  byproducts,  the  Army  has  a 
strong  interest  in  characterizing  the  acute  toxicity  of  some  of 
the  precursors,  intermediates,  and  byproducts  associated  with 
EDMP  production.  Three  of  the  materials  proposed  for  testing  are 
also  decomposition  products  of  EDMP.  The  unstable  character  of 
EDMP  has  been  previously  demonstrated,  and  the  breakdown  products 
are  thought  to  directly  affect  the  acute  toxicity  attributed  to 
EDMP. 


This  study,  currently  in  progress,  is  designed  to  character¬ 
ize  the  toxic  effects  of  acute  exposure  of  rats,  mice,  and  rab¬ 
bits  to  4  compounds  associated  with  EDMP.  The  compounds  are 
being  tested  in  the  same  manner  as  was  used  for  the  acute  toxic¬ 
ity  testing  of  EDMP.  The  data  obtained  from  these  experiments 
should  permit  objective  assignment  of  sound  occupational  exposure 
limits  for  personnel  working  with  these  compounds.  The  compounds 
selected  for  testing  are  listed  below  with  U.  S.  Army  designa¬ 
tions  in  parentheses: 

1.  Diisopropylaminoethanol  (KB) 

2.  0,0 ' -Diethylmethylphosphonite  (TR) 

3.  Bis  (diisopropylaminoethyl  )methylphosphonite  (LT) 

4.  Triethylphosphite  (TEP) 

Compounds  1  and  3  were  provided  by  the  U.  S.  Army  while 
compound  4  was  purchased  by  UCI .  The  second  compound  (0,0'- 
diethylmethylphosphonite)  has  not  been  received  from  the  Army  to 
date. 


Methods 


Oral  Toxicity 

All  compounds  were  dissolved  or  suspended  in  corn  oil  and 
the  suspensions  kept  in  a  turbulent  state  while  in  use  with  a 
magnetic  stirring  platform. 

Glass  syringes  with  oral  dosing  needles  were  used  to  admin¬ 
ister  the  compounds  to  the  rats  and  mice  that  had  been  fasted  for 
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at  least  16  hours  prior  to  administration  of  the  oral  dose.  The 
dose  volume  for  the  test  animals  was  0.01  mL/gm  body  weight,  and 
the  animals  were  weighed  individually  at  the  time  of  dosing. 
Originally,  male  and  female  Sprague-Dawley  rats  and  male  and 
female  CD-I  mice  were  used.  However,  following  the  peroral  test¬ 
ing  of  diisopropylaminoethanol ,  the  rat  strain  was  changed  to 
Fischer  344.  Geometrically  spaced  doses  were  administered  to 
determine  the  LDso  in  ten  animals  of  each  sex  at  each  level.  The 
LD50  values  with  95%  confidence  limits  were  calculated  using  the 
probit  method  of  Finney  (1971). 


Skin  Irritation 

A  patch-test  method  was  utilized  to  determine  the  degree  of 
primary  skin  irritation  on  the  intact  skin  of  6  albino  rabbits. 
The  rabbits  were  clipped  of  all  possible  hair  on  the  back  and 
flanks  24  hours  prior  to  exposure  to  allow  for  recovery  from  any 
abrasion.  Undiluted  test  materials  were  applied  in  the  amount  of 
0.5  mL  to  the  designated  patch  area  and  covered  by  surgical 
gauze,  held  in  place  with  strips  of  surgical  adhesive  tape.  The 
entire  area  was  covered  with  polyethylene  plastic  wrap  and  se¬ 
cured  with  more  surgical  adhesive  tape.  The  patch  remained  in 
place  on  the  rabbits  for  4  hours,  after  which,  the  wrap  and  patch 
were  carefully  removed,  and  the  test  area  evaluated  for  irrita¬ 
tion  using  the  Draise  (1959)  table  as  a  reference  standard. 
Readings  were  also  made  at  72  hours  after  treatment.  A  primary 
index  rating  was  calculated  using  the  following  formula: 


Primary  Index  Score 


_ _ Total  Score _ 

No.  Rabbits  x  No.  Sites  x  No.  Observations 


The  primary  index  score  was  interpreted  using  the  NIOSH  Skin 
Test  Ratings  (Campbell  et  al.,  1975). 


Eye  Irritation 

One  tenth  milliliter  of  the  test  compound  was  applied  to  one 
eye  of  each  of  9  albino  rabbits.  The  opposite  eye  was  untreated 
and  served  as  a  control.  The  eyes  were  examined  with  fluorescein 
stain  prior  to  use  to  ensure  absence  of  lesions  or  injury  and  a 
topical  anesthetic  (Alcaine;  Proparacaine  HC1  0.5%)  was  instilled 
in  the  eyes,  treated  and  control,  of  all  rabbits  approximately  2 
minutes  prior  to  application  of  the  test  substance.  The  treated 
eye  of  6  rabbits  remained  unwashed  while  the  other  3  rabbits  had 
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the  treated  eye  flushed  for  one  minute  with  lukewarm  water  start¬ 
ing  no  sooner  than  20-30  seconds  after  instillation.  Examina¬ 
tions  for  gross  signs  of  eye  irritation  were  made  1,  2,  3,  4,  and 
7  days  following  application.  If  an  injury  occurred,  the  animals 
were  scored  three  times  a  week  until  the  lesion  subsided  or  was 
deemed  irreversible.  The  irritative  effects  were  scored  accord¬ 
ing  to  the  method  of  Draize  (1959). 


Dermal  Toxicity 

Male  and  female  albino  New  Zealand  rabbits  weighing  between 
2  and  3  kilograms  were  used.  The  back  of  the  rabbits  and  the 
sides  down  to  about  halfway  to  the  abdomen  were  clipped  from  the 
saddle  area  of  the  shoulders  to  the  top  of  the  rear  leg  area. 

The  animals  were  individually  weighed  prior  to  dosing  to 
determine  the  proper  dose  volume  which  was  applied  undiluted  to 
the  back  of  the  rabbit  and  divided  as  equally  as  possible  between 
the  two  sides.  The  dose  was  kept  in  place  by  applying  8  ply 
gauze  patches  over  the  liquid  on  each  side  of  the  back.  A  patch 
of  clear  plastic  wrap  was  then  applied  over  the  entire  clipped 
back  area  and  elastoplast  tape  was  used  to  wrap  the  entire 
midsection  of  the  rabbit.  Specially  designed  rabbit  restraining 
harnesses  were  fitted  to  each  rabbit  at  the  time  of  dosing  and 
kept  in  place  during  the  entire  dosing  period.  These  harnesses 
prevent  excessive  movement  of  the  rabbits  and  prevent  the  rabbit 
from  chewing  on  the  taped  area.  The  harnesses  do,  however,  allow 
the  rabbit  access  to  food  and  water  during  the  dosing  period. 

All  doses  were  kept  in  contact  with  the  rabbit's  skin  for  24 
hours.  The  rabbits  were  observed  for  mortality  or  other  signs  of 
toxicity  during  the  14  days  immediately  following  exposure.  Any 
deaths  that  occurred  in  this  period  were  included  in  the  final 
tally. 

The  animals  were  observed  frequently  on  the  day  of  dosing 
and  twice  daily  thereafter  and  all  symptoms  were  recorded.  Body 
weights  were  obtained  at  the  time  of  dosing  and  on  days  1,  2,  4, 
7,  10,  and  14  posttreatment. 

Testing  was  initiated  by  dosing  5  animals  of  each  sex  with  2 
mL  of  test  material/kg  of  body  weight.  If  there  was  no  appreci¬ 
able  mortality  at  this  level,  then  no  additional  dose  levels  were 
administered.  If  mortality  was  produced,  then  testing  continued 
with  5  animals  of  each  sex  per  dose  level.  LD50  calculations 
were  made  using  the  probit  method  of  Finney  (1971). 
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Inhalation 


Groups  consisting  of  10  male  and  10  female  Fischer  344  rats 
and  10  male  and  10  female  CD-I  mice,  all  aged  9  to  11  weeks,  were 
used  for  the  determination  of  the  6-hour  LC50.  Control  groups 
were  maintained  for  comparative  purposes. 

The  compounds  were  aerosolized  into  aim3  Rochester  chamber 
using  A  Solo-Sphere®  Nebulizer  for  generation  of  the  aerosol. 
Andersen  impactor  samples  were  taken  for  particle  size  analysis. 
Nominal  concentrations  were  obtained  by  material  balance  calcula¬ 
tion  to  correlate  with  methods  for  continuous  chemical  analysis. 

A  gas  chromatographic  analysis  was  run  once  per  hour  to  determine 
relative  concentration  of  the  test  compound  and  its  decomposition 
products. 

Ten  animals  of  each  species  were  exposed  at  each  concentra¬ 
tion  level,  and  the  LC50  with  its  95%  confidence  limits  calcu¬ 
lated  using  the  probit  method  of  Finney  (1971).  The  animals  were 
observed  frequently  during  the  exposure  and  twice  d.ily  during 
the  14-day  holding  period.  Visible  signs  of  toxicity  were  re¬ 
corded  and  all  animals  were  weighed  prior  to  exposure  as  well  as 
at  1,  2,  4,  7,  and  14  days  postexposure. 

Any  animal  that  died  during  exposure  or  the  14-day  observa¬ 
tion  period  received  gross  examination.  The  surviving  animals 
were  observed  for  14  days  or  until  signs  of  reversible  toxicity 
subsided,  at  which  time  they  were  sacrificed  and  gross  examina¬ 
tion  of  lung,  liver,  kidney,  heart,  stomach,  small  and  large 
intestine,  spleen,  and  brain  performed  on  each  animal.  If  signs 
of  neurotoxicity  (ataxia,  paralysis)  were  observed,  sections  of 
spinal  cord  and  sciatic  nerve  were  sampled  for  histologic 
examination . 


RESULTS 


Oral  Toxicity 


Di isopropyl ami noethanol 

Ten  male  and  10  female  Sprague-Dawley  rats  and  10  male  and 
10  female  CD-I  mice  received  oral  doses  of  diisopropylamino- 
ethanol  in  corn  oil.  Concentrations,  mortality  ratios,  and 
LD50  values  are  shown  in  Tables  59  and  60  for  mice  and  rats, 
respectively . 
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TABLE  59.  ACUTE  ORAL  TOXICITY  OF  DI ISOPROPYLAMI NOETHANOL 
IN  MALE  AND  FEMALE  CD-I  MICE 


Mortality 

Ratios 

Concentration,  g/kg 

Males 

Females 

2.00 

9/10 

9/10 

1.00 

6/10 

2/10 

0.50 

4/10 

3/10 

0.25 

0/10 

0/10 

&  (95%  C.L . )  g/kg  = 

0.77(0.52-1.14) 

1.08(0.75-1.86) 

TABLE  60.  ACUTE  ORAL 

TOXICITY  OF  DIISOPROPYLAMINOETHANOL 

IN  MALE  AND 

FEMALE  SPRAGUE-DAWLEY  RATS 

Mortality 

Ratios 

Concentration,  g/kg 

Males 

Females 

2.00 

10/10 

10/10 

1.50 

9/10 

— 

1.00 

5/10 

6/10 

0.75 

3/10 

— 

0.50 

0/10 

1/10 

&  (95%  C.L.)  g/kg  » 

0.96(0.81-1.14) 

0.86(0.64-1.17) 

Peroral  doses  of  diisopropylaminoethanol  produced  tremors 
and  convulsions  in  both  rats  and  mice  prior  to  death.  Deaths 
normally  occurred  within  24  hours.  Survivors  had  porphyrin 
exudate  around  eyes  and  noses  for  several  days  following  the 
peroral  dose.  Normal  weight  gains  were  evident  throughout  the 
14-day  observation  period  in  all  surviving  animals. 


Triethylphosphite 

Ten  male  and  10  female  Fischer  344  rats  and  10  male  and  10 
female  CD-I  mice  received  oral  doses  of  triethylphosphite  in  corn 
oil.  Concentrations,  mortality  ratios,  and  LD50  values  are  shown 
in  Tables  61  and  62  for  mice  and  rats,  respectively. 

Peroral  doses  of  triethylphosphite  produced  rapid  breathing 
and  tremors  in  the  animals  prior  to  death.  Most  deaths  occurred 
within  24  hours  of  dosing.  Surviving  rats  and  mice  showed  normal 
weight  gains  during  the  subsequent  14-day  observation  period. 
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TABLE  61.  ACUTE  ORAL  TOXICITY  OF  TRIETHYLPHOSPHITE 
IN  MALE  AND  FEMALE  CD-I  MICE 


Mortality  Ratios 

Concentration,  g/kg  Males  Females 


LDs  o  & 


5.0 

9/10 

10/10 

4.5 

— 

7/10 

4.0 

6/10 

5/10 

3.5 

— 

6/10 

3.0 

2/10 

0/10 

2.0 

0/10 

0/10 

(95%  C.L. )  g/kg  = 

3. 7(3. 2-4. 3) 

3. 8(3. 5-4.1) 

TABLE  62.  ACUTE  ORAL  TOXICITY  OF  TRIETHYLPHOSPHITE 

IN  MALE  AND 

FEMALE 

FISCHER  344 

RATS 

Mortality 

Ratios 

Concentration , 

g/ke 

Males 

Females 

4.0 

10/10 

..... 

3.0 

9/10 

10/10 

2.5 

5/10 

— 

2.0 

1/10 

7/10 

1.5 

— 

1/10 

1.0 

0/10 

0/10 

LDso  &  (95%  C.L. )  g/kg  = 


2. 5(2. 2-2. 7) 


1.8(1. 6-2. 2) 


Skin  Irritation 
Diisopropylaminoetbanol 

A  summary  of  the  skin  irritation  effects  of  diisopropyl- 
aminoethanol  is  shown  in  Table  63.  This  compound  proved  to  be 
severe  irritant  and  a  corrosive  (indicated  by  the  necrosis  in  al 
6  rabbits'*.  The  primary  index  score  of  8.4  indicates  that  diiso 
propylaminoethanol  is  too  irritating  for  human  skin  contact. 

The  effects  of  diisopropylaminoethanol  contact  was  evident 
on  the  rabbits  skin  through  4  weeks  following  treatment.  By 
1-week  posttreatment  the  contact  areas  showed  signs  of  corrosion 
with  sloughing  of  the  dead  tissue.  By  8  weeks  posttreatment  the 
necrotic  areas  were  completely  healed. 
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TABLE  63.  SUMMARY  OP  RABBIT  SKIN  IRRITATION  EFFECTS 
AFTER  4-HOUR  CONTACT  WITH  DI ISOPROPYLAMINOETHANOL 


_ Symptoms _ 

-i  Hours  24  Hours  72  Hours 


Well  defined  (5) 
to  severe  (1) 
erythema.  Very 
slight  (4)  to 
slight  (2)  edema. 
No  necrosis  (6) . 


Well  defined 
erythema  (6). 

Very  slight  (2)  to 
slight  (3)  edema. 
Slight  necrosis  (6). 


Moderate  to  severe 
erythema  (6). 

Slight  edema  (6). 
Moderate  necrosis  (6). 


Primary  Index  Score  =  8.4 
Classification:  severe  irritant 

(  )  Number  of  rabbits  showing  symptom. 


Triethylphosphite 

A  summary  of  the  skin  irritation  effects  of  triethylphos¬ 
phite  is  shown  in  Table  64.  This  primary  index  score  of  1.7 
would  indicate  that  triethylphosphite  is  a  mild  irritant  using 
the  interpretation  of  the  NIOSH  skin  test  ratings. 


TABLE  64.  SUMMARY  OF  RABBIT  SKIN  IRRITATION  EFFECTS 
AFTER  4-HOUR  CONTACT  WITH  TRIETHYLPHOSPHITE 


Symptoms 

4  Hou^j 

24  Hours 

72 

Hours 

Very  s3  ;ht 
erythe.v  (4). 
Very  slight 
edema  (3). 

Well  defined 
erythema  (6). 

Well  defined 
erythema  (6). 

Primary  Index  Score  = 
Classification:  mild 
(  )  Number  of  rabbits 

1.7 

irritant 
showing  symptom. 

The  irritation  effect  of  triethylphosphite  was  persistent 
with  erythema  being  evident  at  the  contact  sites  for  4  weeks 
posttreatment.  The  skin  returned  to  normal  appearance  by  8  weeks 
posttreatment. 
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Eye  Irritation 
Di isopropylaminoethanol 

Because  diisopropylaminoethanol  proved  to  be  a  severe 
irritant  and  a  corrosive  in  the  skin  irritation  test,  it  was 
deemed  unnecessary  to  perform  the  eye  irritation  test  with  this 
compound . 


Triethylphosphite 

Examination  of  the  eyes  of  the  9  rabbits  following  treatment 
with  triethylphosphite  revealed  slightly  constricted  pupils  in 
all  treated  eyes.  By  24  hours  the  pupils  of  the  treated  eyes 
were  still  slightly  constricted  and  showed  sluggish  reaction  to 
light.  Two  of  the  treated  eyes  showed  a  diffuse  corneal  opacity 
when  stained  with  fluoroscein.  One  of  these  had  been  washed 
following  treatment  while  the  other  remained  unwashed.  No  irri¬ 
tation  was  found  in  the  iris  or  con junctivae.  By  48  hours  all 
pupils  appeared  normal  and  responded  to  light.  The  rabbit  with 
the  unwashed  eye  still  showed  a  diffuse  corneal  opacity  which 
disappeared  by  72  hours. 


Dermal  Toxicity 
Di isopropylaminoethanol 

Diisopropylaminoethanol,  proved  to  be  a  corrosive  in  the 
skin  irritation  test.  A  dermal  LD50  was  not  attempted  as  it  was 
felt  the  corrosive  properties  of  the  compound  are  much  more  haz¬ 
ardous  than  its  toxicity. 


Triethylphosphite 

Five  male  and  5  female  rabbits  were  dosed  with  a  triethyl¬ 
phosphite  concentration  of  2  mL/kg  of  body  weight.  Two  of  5 
female  rabbits  died  within  24  hours  following  treatment  while  a 
single  male  rabbit  died  12  days  after  treatment.  Since  2  mL/kg 
is  the  upper  dosing  limit  for  dermal  testing,  no  further  testing 
is  planned  with  triethylphosphite. 
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I 

I 

Inhalation  Toxicity 


Diisopropylaminoethanol 

A  summary  of  the  6-hour  inhalation  toxicity  effects  of  di- 
i sopropylaminoethanol  on  male  and  female  rats  and  mice  is  shown 
in  Tables  65  and  66,  respectively.  No  appreciable  difference  in 
toxic  response  was  noted  between  male  and  female  rats  as  was  the 
case  with  EDMP.  The  LC50  of  this  compound  is  similar  to  the  male 
6-hour  LCso  of  EDMP  which  was  2520  mg/m3.  Whatever  caused  the 
increase  in  EDMP  toxicity  in  female  rats  (6-hour  LC50  of  209 
mg/m3)  does  not  appear  to  be  directly  related  to  the  amount  of 
diisopropylaminoethanol  present  in  the  EDMP  exposures. 


TABLE  65.  SUMMARY  OF  6-HOUR  INHALATION  TOXICITY  RESULTS  OF 
DIISOPROPYLAMINOETHANOL  ON  FISCHER  344  RATS  (N  =  10) 


Concent-rat  ion , 

2592 

2105 

1836 

1766 

Male  Rat  LC50  (95%  C.L. ) 
Female  Rat  LC50  (95%  C.L.) 


Mortality  Ratio 
mg/m3  Male  Female 

10/10  10/10 

6/10  8/10 

2/10  2/10 

0/10  1/10 

=  2041  (1942-2223)  mg/m2 
“  1965  (1877-2108)  mg/m3 


TABLE  66.  ACUTE  (6-H0UR)  INHALATION  TOXICITY 
OF  DIISOPROPYLAMINOETHANOL  IN  CD-I  MICE  (N  =  10) 

Mortality  Ratio 

Concentration,  mg/m3  Male  Female 


2169 

8/10 

10/10 

1989 

5/10 

9/10 

1727 

— 

7/10 

1676 

0/10 

10/10 

1584 

— 

2/10 

1568 

0/10 

0/10 

Male  Mouse  LC50  (95%  C.L.)  =  2011  (1869-2119)  mg/m3 

Female  Mouse  LC50  (95%  C.L.)  =  1661  mg/m3  (95%  C.L.  unobtainable) 
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Di isopropylaminoethanol  appears  to  be  somewhat  more  toxic  to 
female  mice  than  male  mice  when  comparing  the  relative  LC50  val¬ 
ues.  The  apparent  increased  toxicity  is  caused  by  the  reversal 
in  toxicity  which  occurred  in  a  group  of  female  mice  exposed  to 
1676  mg/m3.  This  reversal  also  precludes  the  calculation  of 
confidence  limits  for  the  female  mouse  LCso* 

The  acute  toxicity  testing  of  bis  (diisopropylaminoethyl) 
methlyphosphoni te  has  been  started  while  0 ,0 ' -diethylmethylphos- 
phonite  has  not  yet  been  received  for  evaluation. 


INVESTIGATION  OF  TOE  1-HOOR  EMERGENCY 
EXPOSURE  LIMIT  OP  JP-5 

The  THRU  has  investigated  the  toxic  hazards  associated  with 
a  number  of  jet  fuels  used  in  military  applications.  JP-5  is  a 
kerosene  type  fuel  comprised  of  a  mixture  of  aromatic,  paraffinic 
and  alicyclic  hydrocarbons,  and  is  less  volatile  than  other  jet 
fuels.  It  is  used  in  Naval  aircraft.  Because  JP-5  is  carried 
and  transferred  in  confined  areas  aboard  ships,  where  continuous 
exposure  by  personnel  might  be  a  hazard,  a  90-day  continuous 
inhalation  study  was  conducted  by  the  THRU  to  evaluate  potential 
toxic  effects.  Another  possible  inhalation  exposure  hazard  is 
created  during  an  accidental  spill  of  JP-5.  Concentrations 
generated  in  these  situations  may  be  extremely  high  for  short 
periods  of  time. 

In  recognition  of  the  hazards  associated  with  accidental 
brief  high  level  exposures,  the  Committee  on  Toxicology  of  the 
National  Academy  of  Sciences  -  National  Research  Council  has 
established  Emergency  Exposure  Limit  (EEL)  guidelines.  EEL's  are 
concentrations  of  contaminants  that  can  be  tolerated  without 
adverse  effects.  These  concentrations  may  cause  acute  discomfort 
or  other  evidence  of  irritation  or  intoxication.  Intoxication  to 
the  point  of  preventing  self-rescue  is  unacceptable,  despite  the 
fact  that  the  toxic  effects  are  reversible. 

In  previous  animal  studies  on  JP-5  derived  from  Petroleum  or 
Shale  sources  the  most  significant  and  consistent  effect  has  been 
the  development  of  renal  tissue  changes  in  male  Fischer  344  rats 
(Gaworski  et  al.  ,  1984,  1985).  The  microscopic  changes  consisted 
of  hyaline  droplet  formation  and  renal  tubular  epithelial  cell 
necrosis.  Female  Fischer  344  rats,  female  C57BL/6  mice,  male 
beagle  dogs,  and  female  beagle  dogs  were  free  of  the  renal  dam¬ 
age.  Knave  et  al.  (1976)  reported  that  aircraft  factory  workers 
exposed  to  jet  fuel  vapors  experienced  acute  effects  including 
dizziness,  headache,  nausea,  respiratory  tract  symptoms,  heart 
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palpitations  and  a  feeling  of  tightness  in  the  chest.  Similar 
symptoms  were  described  by  a  pilot  acutely  exposed  to  JP-4  vapors 
(Davies,  1964). 

The  EEL  for  JP-5  is  presently  5000  mg/m3.  This  value  was 
chosen  on  the  basis  of  the  toxicities  of  the  individual  com¬ 
ponents  of  the  fuel  rather  than  the  fuel  itself.  The  Committee 
on  Toxicology  of  the  National  Academy  of  Sciences  recently  re¬ 
viewed  the  EEL  value  for  this  fuel  and  considered  a  downward 
revision  to  150  mg/m3  based  on  the  renal  effects  seen  in  male 
rats  after  90  days  continuous  exposure.  There  was  no  information 
in  the  literature  on  the  toxicity  of  a  single  exposure  to  JP-5  at 
a  concentration  of  5000  mg/m3.  The  purpose  of  this  study  was  to 
investigate  the  effect  of  an  acute  single  inhalation  exposure  of 
JP-5  at  high  concentrations  to  determine  if  renal  injury  would 
result.  The  initial  concentration  tested  was  5000  mg/m3.  Sub¬ 
sequently  a  2500  mg/m3  JP-5  exposure  was  also  conducted.  Because 
of  the  signs  of  renal  toxicity  in  rats  exposed  continuously  to 
IP-5  vapors,  the  kidneys  of  all  animals  were  examined  closely. 


Methods 

JP-5  vapors  were  generated  by  passing  a  known  liquid  flow 
through  spiraled  glass  evaporation  towers.  A  measured  air  flow 
through  the  evaporators  carried  the  vapors  into  the  exposure 
chamber.  An  airflow  minimum  of  20  CFM  was  maintained  in  the 
exposure  chamber. 

Chamber  concentrations  were  measured  with  a  hydrocarbon 
analyzer.  Calibration  was  accomplished  using  Myl^.r  bags  contain¬ 
ing  known  standard  concentrations. 

Rats  and  mice  were  exposed  to  vapor  concentrations  of  5000 
mg/m3  or  2500  mg/m3  in  a  2.5  m3  Longley  chamber.  Groups  consist¬ 
ing  of  20  male  Fischer  344  rats  and  20  male  C57BL/6  mice  were 
exposed  for  1  hour.  Two  separate  control  groups  consisting  of  a 
similar  number  of  animals  were  also  maintained.  Ten  animals  of 
each  species  from  the  control  and  exposed  groups  were  sacrificed 
24  hours  following  exposure  while  the  remaining  animals  were 
observed  for  28  days  postexposure. 

Rodents  were  housed  in  large  wire  mesh  cages  during  exposure 
to  allow  for  a  greater  freedom  of  movement  and  to  provide  more 
opportunity  for  visual  observations.  All  animals  were  observed 
for  signs  of  toxic  stress  during  the  exposure  period.  In  partic¬ 
ular,  signs  that  could  be  interpreted  as  preventing  self  rescue 
were  carefully  evaluated.  The  rats  were  weighed  immediately 
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prior  to  exposure  and  at  1,  2,  3,  7,  14,  21,  and  28  days  post¬ 
exposure.  Mice  were  weighed  immediately  prior  to  exposure  and  at 
days  7,  14,  and  28. 

Blood  samples  were  collected  from  rats  (vena  cava)  at  the 
time  of  sacrifice  and  complete  blood  counts  were  performed. 

Blood  chemistry  analyses  were  also  made  for  SGOT,  SGPT,  BUN, 
creatinine,  and  alkaline  phosphatase. 

Whole  body,  liver,  and  kidney  weights  were  measured  on  all 
rats  sacrificed  at  24  hours  and  28  days  postexposure.  All  ani¬ 
mals  received  a  complete  gross  examination  at  the  time  of 
necropsy.  Liver  and  kidney  tissue  was  collected  from  each  animal 
for  microscopic  examination. 

After  completion  of  the  1-hour  exposure  period  the  10  rats 
from  each  group  selected  for  postexposure  holding  were  transfer¬ 
red  to  the  NMRI/TD  laboratory  for  periodic  urine  collection  and 
analysis.  In  addition,  water  consumption  and  urine  volume  were 
measur  -d  and  a  microscopic  evaluation  of  the  urine  was  conducted. 


Results 

Analyzed  exposure  concentrations  were  2483  ±  63  mg/m3  and 
5085  ±  78  mg/m3.  Although  the  JP-5  contaminant  was  generated  as 
a  vapor,  a  very  dense  condensate  aerosol  developed  in  the  cham¬ 
ber,  particularly  during  the  5000  mg/m3  exposure.  Most  of  the 
animals  had  a  coating  of  JP-5  on  their  fur  at  termination  of  the 
5000  mg/m3  exposure.  The  coating  was  not  observed  on  animals 
exposed  at  the  lower  level. 

Sensory  eye  irritation  and  CNS  depression  developed  in  rats 
and  mice  exposed  to  5000  mg/m3.  The  eye  effects  were  indicated 
by  mild  lacrimation,  eye  closure,  and  pawing  of  the  eyelids. 

Rats  were  lethargic  and  demonstrated  delayed  righting  reflex  for 
about  2  hours  postexposure.  One  of  the  20  mice  exposed  to  5000 
mg/m3  exhibited  hind  limb  paralysis  upon  removal  from  exposure. 
None  of  the  other  19  mice  demonstrated  any  loss  of  mobility.  At 
24  hours  postexposure  all  animals,  with  the  exception  of  the 
mouse  with  hind  limb  paralysis,  appeared  normal.  At  that  time 
the  paralyzed  mouse  had  regained  partial  use  of  the  hind  limbs 
and  was  able  to  move  around  the  cage.  At  1-week  postexposure  the 
mouse  still  had  an  unsteady  gait  but  continued  to  show  improve¬ 
ment  until  the  scheduled  sacrifice  at  28  days  postexposure.  Eye 
irritation  also  occurred  in  animals  exposed  to  2500  mg/m3  JP-5, 
but  disappeared  upon  removal  from  exposure.  No  CNS  effects  were 
observed  in  rats  or  mice  exposed  to  2500  mg/m3  JP-5. 
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Because  of  the  effects  noted  in  the  single  mouse  exposed  to 
5000  mg/m3,  a  second  exposure  was  conducted  using  40  male  B6C3F1 
mice.  During  this  exposure  the  mice  were  inactive  and  showed 
signs  of  eye  irritation.  Most  of  the  mice  had  wet  coats  due  to 
the  JP-5  condensate  aerosol  present  in  the  chamber.  Upon  removal 
from  the  chamber  the  mice  became  active  and  started  preening  to 
remove  JP-5  deposited  on  their  coats.  None  of  the  40  mice  demon¬ 
strated  any  loss  of  mobility,  either  during  the  exposure  or  dur¬ 
ing  the  28  days  observation  period. 

No  adverse  effects  were  seen  on  the  body  weight  gains  of 
rats  exposed  to  either  level  of  JP-5  (Figure  8).  Mouse  body 
weight  changes  were  so  slight  during  the  28-day  observation  per¬ 
iod  that  analysis  of  growth  was  difficult;  however,  it  was  noted 
that  no  weight  loss  occurred  in  the  mouse  groups  exposed  to  JP-5 
at  either  concentration. 

CONTROL  2500  mg/M3  CONTROL3  5000  mg/MJ3 

2500  gp  5000  gp 

e — o  • - •  » — a  a - ■ 

Grama 


Pigure  8.  Effect  of  JP-5  exposure  on  rat  body  weights.  Values 
represent  mean  ±  SE. 
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Serum  BUN  and  alkaline  phosphatase  levels  were  increased  at 
24  hours  postexposure  in  rats  exposed  to  5000  mg/m3  (Table  67). 
These  increases  were  mild  and  the  values  were  well  within  normal 
biological  variation  for  the  species.  No  exposure  related  blood 
effects  were  seen  in  rats  exposed  to  JP-5  at  the  2500  mg/m3 
1  eve  1  . 


TABLE  67.  EFFECT  OF  1  HOUR  EXPOSURES  TO  JP-5  ON 
RAT  BLOOD  PARAMETERS 

JP-5  Concentration  mg/m3 _ 

Parameter _  (Day)  0k  2500  0b  5000 


RBC 

(xlO6  cells/mm3) 

1 

7.18 

t 

0 . 6  lc 

6.35 

+ 

0.62 

7.91 

t 

0.08 

7.92 

± 

0.13 

28 

8.25 

+ 

0.12 

S.  17 

♦ 

0.15 

8.24 

± 

0.26 

8.39 

+ 

0.07 

HOT 

<*) 

1 

40 

± 

9 

35 

± 

3 

45 

± 

1 

45 

± 

1 

28 

43 

± 

1 

42 

± 

1 

44 

t 

1 

43 

± 

1 

HGB 

(g/dl ) 

I 

15.6 

± 

0.2 

15.3 

± 

0.2 

14.9 

t 

0.2 

15.2 

± 

0.2 

28 

15.6 

t 

0.2 

15.6 

i 

0.3 

15.4 

± 

0.2 

15.0 

t 

0.1 

WBC 

(xlO3  cells/mm3) 

1 

7.9 

± 

0.3 

8.2 

+ 

0.4 

5.2 

± 

0.2 

5.5 

± 

0.2 

28 

6.1 

A. 

0.2 

7.1 

± 

0.4 

9.0 

± 

0.6 

8.9 

1 

0.3 

BUN 

(mg/d  1 ) 

1 

20.2 

♦ 

0.4 

17.0 

♦ 

0.4 

17.3 

+ 

0.3 

18.5 

♦ 

0.4d 

28 

17.9 

i 

0.3 

17.2 

t 

0.2 

14.0 

0.3 

13.2 

t 

0.4 

Crea 

t.  (mg/d  1 ) 

1 

0.43 

t 

0.02 

0.46 

t 

0.02 

0.42 

± 

0.03 

0.43 

t 

0.02 

28 

0.60 

i 

0.00 

0.60 

± 

0.00 

0.51 

± 

0.03 

0.54 

± 

0.03 

SCOT 

( IU/L) 

1 

84 

t 

2 

84 

t 

7 

89 

± 

2 

90 

t 

3 

28 

92 

t 

2 

89 

t 

2 

98 

t 

3 

93 

t 

2 

SGPT 

(IU/L) 

1 

46 

t 

2 

39 

t 

4 

32 

t 

2 

30 

± 

2 

28 

31 

t 

1 

32 

t 

2 

50 

± 

2 

43 

t 

2d 

Aik. 

Phos.  (IU/L) 

1 

337 

t 

15 

312 

t 

16 

242 

t 

12 

283 

± 

9d 

28 

161 

t 

7 

158 

t 

8 

194 

t 

11 

190 

± 

9 

*  Control  group  for  the  2500  mg/m3  study. 
b  Control  group  for  the  5000  mg/m3  study. 
c  Mean  ±  SE,  N  *  7  to  10  samples/group. 
d  Different  from  control,  p  <  0.05. 


Exposure  to  JP-5  at  either  2500  mg/m?  or  5000  mg/m3  did  not 
affect  liver  or  kidney  weight  (Table  68). 

Rat  urinalysis  conducted  by  NMRI/TD  revealed  elevated  glu¬ 
cose  and  LDH  levels  in  JP-5  exposed  rats  during  the  first  24 
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TABLE  68.  EFFECT  OF  1  HOUR  OF  EXPOSURES  TO  JP-5 
ON  RAT  ORGAN  WEIGHT 

Parameter 


Fasted  Body 


Weight  (g) 

1 

202 

± 

3C 

202 

± 

3 

189 

± 

3 

191 

± 

3 

28 

231 

+ 

2 

237 

+ 

3 

248 

+ 

3 

250 

+ 

3 

Kidney  (g) 

1 

1.65 

t 

0.03 

1.70 

± 

0.04 

1.55 

± 

0.03 

1.62 

t 

0.03 

28 

1.75 

t 

0.03 

1 .80 

± 

0.04 

1.87 

± 

0.03 

1.82 

t 

0.04 

Liver  (g) 

1 

7.51 

± 

0.15 

7.34 

± 

0.19 

6.56 

± 

0.14 

6.68 

± 

0.12 

28 

6.72 

± 

0.24 

6.84 

± 

0.14 

8.36 

± 

0.14 

8.46 

± 

0.21 

Kidney  %  of 

Body 

1 

0.82 

± 

0.01 

0.84 

± 

0.01 

0.82 

± 

0.01 

0.85 

± 

0.01 

28 

0.76 

± 

0.02 

0.76 

± 

0.01 

0.76 

± 

0.01 

0.73 

± 

0.01 

Liver  %  of 

Body 

1 

3.72 

± 

0.06 

3.62 

± 

0.05 

3.47 

± 

0.04 

3.50 

± 

0.04 

28 

2.91 

i 

0.12 

2.90 

± 

0.03 

3.38 

± 

0.04 

3.38 

± 

0.06 

a 

b 

c 


Control  group  for  the  2500  mg/m3  study. 
Control  group  for  the  5000  mg/m3  study. 
Mean  +  SE,  N  -  10  samples/group. 


hours  postexposure.  Subsequent  examinations  indicated  a  return 
to  normal  levels  in  exposed  rats.  Urinary  GOT  was  increased  in 
rats  exposed  to  5000  mg/m3  for  up  to  4  days  postexposure.  This 
trend  was  also  seen  in  rats  exposed  to  2500  mg/m3;  however,  the 
values  were  not  significantly  different  from  controls  at  p  < 

0.05.  Rats  exposed  to  2500  mg/m3  consistently  excreted  more 
protein  than  controls.  This  effect  was  not  seen  in  rats  at  the 
5000  mg/m3  level.  Exposure  to  JP-5  at  either  level  produced 
sloughing  of  renal  epithelial  cells.  At  1* week  postexposure, 
cells  remained  in  the  urine  of  exposed  rats,  but  on  greatly 
reduced  numbers.  Even  at  28  days  postexposure  renal  epithelial 
cells  were  observed  in  exposed  rat  urine.  No  significant  expo¬ 
sure  related  effect  was  observed  in  the  urine  concentrating  abil¬ 
ity  of  exposed  rats.  In  addition,  all  other  urine  parameters 
measured  failed  to  suggest  any  exposure  related  effects. 

No  significant  gross  lesions  were  observed  in  animals  ex¬ 
posed  to  JP-5  at  either  2500  mg/m3  or  5000  mg/ra3.  Mild,  diffuse 
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hyaline  droplet  formation  was  noted  in  the  proximal  convoluted 
tubules  of  all  rats  examined  24  hours  after  exposure  to  5000 
mg/m3  JP-5  (Table  69).  This  condition  was  similar  to  that  occur¬ 
ring  in  the  male  rats  exposed  to  JP-5  for  90  days,  although  it 
was  far  less  severe.  At  28  days  postexposure  7  of  10  exposed 
rats  displayed  hyaline  droplets.  No  liver  tissue  changes  were 
observed  in  rats  exposed  to  5000  mg/m3. 

TABLE  69.  EFFECT  OF  1  HOUR  EXPOSURES  TO  5000  MG/M3  JP-5 

ON  RAT  LIVER  AND  KIDNEY 


Concentration 
(mg/m3  ) _ 


Liver  Kidney 

_ Lesions _  Hyaline  Droplets 

24  hrs  28  days  24  hrs  28  days 


0 

5000 


0/10a  0/10  0/10 

0/10  0/10  10/10 


1/10 

7/10 


a  Number  observed/Number  examined. 


Examination  of  mouse  tissues  collected  from  either  study  and 
rat  tissues  collected  during  the  2500  mg/m3  study  was  not  com¬ 
plete  for  this  report. 


Discussion 

A  single  1-hour  exposure  to  5000  mg/m3  JP-5  produced  renal 
tissue  hyaline  droplet  formation  in  male  rats  similar  to  changes 
noted  in  animals  exposed  to  JP-5  for  longer  time  periods.  This 
is  considered  to  be  one  of  the  first  indications  of  the  process 
ultimately  leading  to  necrosis  of  renal  epithelial  cells.  Al¬ 
though  significant  numbers  of  renal  cells  were  sloughed  in  the 
male  rat  urine  postexposure,  no  microscopic  evidence  of  cellular 
necrosis  was  observed.  This  suggests  that  the  toxic  renal  insult 
was  mild  even  at  an  extremely  high  dose.  Examination  of  tissues 
from  rats  exposed  to  2500  mg/m3  may  give  additional  evidence 
toward  establishing  a  ''no  effect”  level  for  this  type  of  renal 
damage. 

Urinary  markers  proved  to  be  sensitive  indicators  of  JP-5 
induced  renal  injury,  while  organ  weights,  serum  BUN,  and  serum 
creatinine  were  less  reliable.  Recovery,  of  urinary  markers  gen¬ 
erally  occurred  within  4  days  postexposure,  indicating  that  the 
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effects  of  exposure  were  reversible.  It  was  notable  that  despite 
the  indications  of  renal  tissue  changes  and  urinary  enzyme 
changes,  no  detrimental  effect  was  seen  on  urine  concentrating 
ability . 

The  CNS  depression  noted  in  rats  exposed  to  5000  mg/m3  for  1 
hour  suggests  that  this  level  may  be  too  high  to  allow  for  self 
rescue.  In  addition,  1  of  20  mice  exposed  to  5000  rag/m3  JP-5 
displayed  hind  limb  paralysis.  It  must  be  emphasized,  however, 
that  a  repeat  exposure  of  40  mice  to  5000  mg/m3  failed  to  produce 
any  indication  of  severe  neurologic  impairment.  The  CNS  depres¬ 
sion  noted  in  rats  and  mice  exposed  to  5000  mg/m3  is  consistent 
with  the  disturbances  noted  in  aircraft  factory  workers  and  a 
pilot  exposed  to  jet  fuel  (Knave  et  al.,  1976;  Davies,  1964). 
Absence  of  CNS  effects  at  a  concentration  of  2500  mg/m3  suggests 
that  this  level  may  be  more  appropriate  as  the  basis  for  an  EEL 
concentration.  However,  the  recommendation  for  an  EEL  must  await 
completion  of  microscopic  examination  of  tissues  collected  from 
all  animals  in  the  study. 


ACUTE  DELAYED  NEUROTOXICITY  STUDY  ON 
CHLOROTRIFLUOROETHYLENE  OLIGOMER 

Chlorotri f luoroethylene  (CTPE)  oligomer  has  become  a  primary 
nonflammable  hydraulic  fluid  candidate.  As  current  and  other 
candidate  hydraulic  fluids  have  been  suspected  neurotoxins,  the 
neurotoxic  potential  of  CTFE  must  be  evaluated. 

This  study  was  designed  to  determine  if  delayed  neurotoxic 
effects  result  from  exposure  of  adult  chickens  to  peroral  doses 
of  CTFE.  A  vehicle  control  as  well  as  a  triorthocresylphosphate 
(TOCP)  positive  control  were  tested  concurrently  with  CTFE. 

Final  determination  of  an  injury  effect  was  based  on  a  comparison 
of  the  test  chickens  with  the  TOCP  control  chickens. 

Leghorn  her.s  (Gallus  domesticus,  Carey  Nick:300-320  hybrid) 

5  to  7  months  of  age  and  weighing  between  1.10  and  1.95  kilograms 
were  purchased  from  Carey  Farms,  La  Rue,  Ohio.  The  debeaked  hens 
were  group  housed  in  3'  by  6'  pens  to  allow  for  freedom  of  move¬ 
ment.  Food  and  water  were  available  ad  libitum. 

The  CTFE  was  supplied  by  the  U.  S.  Air  Force.  Included  was 
an  additive  of  1.0%  of  a  50%  effective  anti-rust  additive,  neu¬ 
tral  barium  dinonylnaphthalene  sulfonate.  This  is  a  currently 
used  additive  present  in  many  rust  inhibited  fluids.  A  second 
additive  is  0.05%  of  a  company  proprietary  anti-wear  additive. 

At  the  manufacturer's  request,  no  further  analysis  was  made. 


Preliminary  to  the  neurotoxicity  testing,  the  acute  oral 
toxicity  of  tHe  hydraulic  fluid  was  determined.  Oral  intubation 
was  accomplis  '  employing  a  syringe  fitted  with  a  6"  infant 
catheter.  The  i.onfasted  hens  were  weighed  individually  to  deter¬ 
mine  the  proper  dose  volume.  None  of  3  hens  died  after  receiving 
a  single  dose  of  5  mL/kg.  To  determine  if  hens  could  survive 
this  regimen  for  5  consecutive  days,  doses  of  5  mL/kg  were  admin¬ 
istered  to  3  naive  hens  over  a  5-day  period.  All  survived  the 
following  14  days. 

The  hydraulic  fluid  was  administered  to  unfasted  hens  in  an 
undiluted  state.  The  positive  control,  TOCP,  was  diluted  in  corn 
oil  to  achieve  a  dose  volume  of  5  mL/kg.  A  negative  control 
group  received  appropriate  doses  of  corn  oil.  The  method  follows 
that  of  Siegel  et  al.  (1965)  recommended  for  testirg  of  U.  S. 

Navy  materials.  The  following  dosing  regimen  was  followed: 

CTFE  -  Groups  of  4  hens  treated  with  4  doses.  The  highest 

nontoxic  dose  followed  by  lower  doses  decreased  arithme¬ 
tically  to  a  no-effect  level. 

TOCP  -  Groups  of  4  hens  treated  with  each  of  the  following 
doses:  60,  75,  90  mg/kg/day. 

Corn  Gil  -  Twelve  hens  given  the  same  total  volume  of  fluid  dose 
as  test  animals. 


Observations  and  grading  by  3  observers  began  7  days  after  the 
first  dose,  and  continued  3  times  a  week  (Monday,  Wednesday,  and 
Friday)  until  30  days  after  the  first  dose.  The  following  point 
score  system  was  used: 


Symptom  Free 

Doubtful  or  Minor  Symptoms 
Positive  Paralytic  Lymptoms 
Advanced  Paralytic  Symptoms 
Death 


0  Points 
2  Points 
8  Points 
12  Points 
16  Points 


During  observation  and  grading,  the  chickens  were  removed  from 
their  enclosure  and  placed  on  a  rubber  mat  to  provide  sure  foot¬ 
ing.  Symptoms  of  test  hens  noted  during  the  observation  period 
were  compared  with  those  seen  in  the  TOCP  treated  hens. 

All  test  and  control  hens  were  examined  for  gross  pathology 
at  death.  Longitudinal  and  cross  sections  of  the  spinal  cord 
(cervical,  lumbar,  and  thoracic  regions)  and  a  section  of  the 
sciatic  nerve  were  sampled  from  representative  hens  from  each 
group  for  histopathology  examination. 
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Results 


Neurotoxic  signs  were  observed  in  nearly  all  hens  that  re¬ 
ceived  TOCP.  The  corn  oil  control  group  showed  no  signs  of  neu¬ 
rotoxicity.  Two  of  4  hens  dosed  at  5  raL/kg  with  CTFE  died  within 
1  week,  neither  showing  neurotoxic  symptoms  prior  to  death.  Of 
the  remaining  CTFE  hens,  none  showed  any  neurotoxic  signs  during 
the  30  day  period. 

Samples  of  the  spinal  cord  and  sciatic  nerve  were  removed 
from  representative  hens  of  each  group.  Although  the  results  of 
the  histopathologic  examination  of  the  nerve  tissue  are  not  yet 
available,  there  were  no  signs  or  symptoms  indicating  that  CTFE 
has  neurotoxic  potential. 


THE  INVESTIGATION  OF  THE  ABSORPTION  AND  METABOLISM  OF 
CHLOROTRIFLOOROETHYLENE  OLIGOMER  (MLO  83-322)  IN  MALE  RATS 
AFTER  ORAL  AND  INHALATION  EXPOSURE 

Chlorotrif luoroethylene  (CTFE)  oligomer  is  an  inert  nonflam¬ 
mable  chlorofluorocarbon  oil.  It  is  noncorrosive,  saturated,  and 
hydrogen  free.  It  also  has  high  thermal  stability,  good  lubric¬ 
ity,  and  high  dielectric  strength.  Recent  tests  with  CTFE  indi¬ 
cate  that  it  has  a  low  degree  of  toxicity.  There  were  no  deaths 
among  male  and  female  rabbits  exposed  to  2  g  CTFE/kg  body  weight 
(Gargus,  1983).  Furthermore,  there  were  no  deaths  among  male  and 
female  rats  exposed  to  atmospheres  containing  saturated  vapor 
concentrations  of  CTFE  for  a  4-hour  period  (Coate,  1984).  CTFE 
did  not  show  neurotoxic  potential  in  adult  hens. 

There  is  a  possibility  that  free  fluorides  may  be  released 
during  the  in  vivo  metabolism  of  CTFE.  The  ingestion  of  fluo¬ 
rides  has  been  shown  to  result  in  vomiting,  abdominal  pain,  diar¬ 
rhea,  convulsions,  etc.  (Patty,  1981).  Continuous  exposure  to 
fluorides  also  results  in  effects  on  bone  and  teeth.  Therefore 
it  was  considered  to  be  of  interest  to  determine  if  CTFE  exposure 
could  result  in  metabolism  to  free  fluorides.  This  study  was 
designed  to  determine  if  CTFE  is  absorbed  and,  if  so,  whether  it 
is  metabolized. 


Materials  and  Methods 

The  CTFE  was  supplied  by  the  U.  S.  Air  Force.  One  additive 
present  is  1.0%  of  an  anti-rust  additive,  neutral  barium  dinon- 
ylnaphthalene  sulfonate.  This  compound  is  present  in  many  rust 
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inhibitor  fluids.  The  second  additive  is  0.05%  of  a  proprietary 
anti-wear  additive  (composition  unknown). 

Oral  -  CTFE  was  administered  dissolved  in  corn  oil,  using 
glass  syringes  equipped  with  ball  tipped  oral  dosing  needles.  A 
dose  volume  of  1.0  mL/100  grams  of  body  weight  was  used.  Test 
animals  were  male  Sprague-Dawley  rats  weighing  200-300  grams. 

For  the  fluoride  determinations  a  group  of  10  male  rats  was 
orally  administered  CTFE  at  5.0  mL/kg.  Five  animals  were  bled 
via  the  orbital  sinus  at  4  hours  posttreatment  and  the  remaining 
5  animals  were  bled  at  24  hours  posttreatment.  At  48  hours  post¬ 
treatment  the  group  bled  at  4  hours  was  again  bled.  A  fourth 
bleeding  was  conducted  at  1-week  posttreatment.  All  10  rats  were 
held  in  metabolism  cages  for  the  first  24  hours  posttreatment  for 
urine  collection  and  analysis.  Additional  24-hour  urine  samples 
were  collected  at  days  8  and  16  posttreatment.  The  same  basic 
procedure  was  repeated  using  a  fresh  group  of  rats  for  the  CTFE 
determinations.  A  separate  group  of  10  rats  was  maintained  and 
bled  at  the  same  intervals  to  serve  as  a  control  group  for  both 
the  CTFE  and  fluoride  determinations. 

Inhalation  -  Concentrated  vapors  of  CTFE  were  generated  in  a 
gas  wash  bottle  equipped  with  a  fritted  disk.  The  bottle  con¬ 
tained  known  amounts  of  the  test  material.  Dried  air  was  blown 
through  the  bottle  at  a  known  rate.  The  resulting  air-vapor 
mixture  was  conducted  to  a  60-liter  plastic  chamber  which  con¬ 
tained  10  male  Sprague-Dawley  rats.  The  exposure  period  was  6 
hours.  Analytical  concentrations  were  not  measured;  however, 
estimated  concentrations  were  calculated  by  material  balance. 
Blood  and  urine  for  CTFE  and  fluoride  ion  analysis  were  to  be 
collected  from  these  animals  in  the  same  manner  as  that  used  in 
the  oral  exposure  portion  of  this  study.  A  separate  group  of 
control  animals  was  used. 


CTFE  Analysis 

Blood  and  urine  was  analyzed  for  the  presence  of  CTFE  with 
gas  chromatography  using  electron  capture  detection.  CTFE  in 
hexane  served  as  a  standard. 


Fluoride  Ion  Analysis 

Fluoride  ion  concentration  in  urine  and  plasma  was  measured 
using  a  fluoride  ion  specific  electrode.  The  urine  fluoride  ion 
determinations  were  made  using  the  method  of  Neefus  et  al.  (1970) 
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which  used  a  synthetic  urine  for  standardization  and  a  buffer 
(TISUB)  to  correct  for  pH  and  ionic  strength.  Plasma  fluoride 
ion  determinations  were  made  using  a  method  described  by  Singer 
and  Ophaug  (1979)  which  measures  the  ionic  form  directly,  follow¬ 
ing  dilution  in  a  simple  buffer  system. 


Results 

Summaries  of  the  urine  and  plasma  fluoride  concentrations  in 
male  rats  following  oral  administration  of  CTFE  are  presented  in 
Tables  70  and  71.  These  results  indicate  that  CTFE  was  absorbed 
after  oral  dosing  and  conversion  to  free  fluoride  occurred.  The 
fluoride  levels  were  still  elevated  in  plasma,  at  7  days  post¬ 
administration  and  in  urine  at  16  days  postadministration. 


TABLE  70.  PLASMA  FLUORIDE  CONCENTRATIONS8,  IN  MALE  RATS 
FOLLOWING  ORAL  ADMINISTRATION  OF  CTFE 


Dose  CTFE 
_(mL/kg) 


_ Fluoride  Ion  Cone,  (ug/mL) _ 

_ Time  Postadministration _ 

4  hrs _  _ 24  hrs _  _ 48  hrs _  _ 7  Days 


0 

5 


0.10  ±  0.004(5) 
0.39  +  0.02(5) 


0.10  ±  0.006(5) 
0.39  +  0.01(5) 


0.11  ±  0.004(5) 
0.23  ±  0.004(5) 


0.10  +  0.001(10 
0.20  +  0.002(16 


&  Mean  ±  SE  (N). 


TABLE  71.  URINARY  FLUORIDE  CONCENTRATIONS8,  IN  MALE  RATS 
FOLLOWING  ORAL  ADMINISTRATION  OF  CTFE 


Dose  CTFE 

-AmhLh&L- 


Fluoride  Ion  Concentration  (ug/24  hrs) 

_ Days  Postadministration _ 

1  8  16 


0 

5 


22  ±  1  (10)  19  ± 

526  ±  14  (10)  146  ± 


1  (5)  20  ±  1  (5) 

4  (5)  92  ±  5  (5) 


8  Mean  ±  SE  (N). 


Summaries  of  the  CTFE  concentrations  in  blood  and  urine 
following  oral  administrations  are  presented  in  Tables  72  and 
73.  CTFE  was  absorbed  after  oral  administration.  The  blood  CTFE 
concentrations  peaked  at  48  hours,  followed  by  a  decline  at  1  and 
2  weeks.  Urine  CTFE  levels  demonstrated  the  same  general  trends. 
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TABLE  72.  BLOOD  CTFE  LEVELS8,  IN  MALE  RATS  FOLLOWING 

ORAL  ADMINISTRATION 


Dose  CTFE 
(mL/kg) 


_  C't*FE  (mg/mL) _  _ 

_ Time  Dostadmlnlstratlon .  . 

4  hrs  24  hrs  48  hrs  1  Week  2  Weeks 


29.4  ±  0.6(5)  28.0  +  2.8(5)  45.8  +  8.6(5)  3.7  ±  0.2(5)  1.5  +  0.2(5) 


a  Mean  ±  SE  (N). 

TABLE  73.  URINARY  CTFE  LEVELS8  IN  MALE  RATS  FOLLOWING 

ORAL  ADMINISTRATION 

_ CTFE  (ug/24  hours) _ 

Dose  CTFE _ Days  Postadministration _ 

(mL/kg  )  _ 1 _  _ 7 _  _ 14 _ 

5  2600  ±  100  (4)  24  ±  3  (5)  2  +  0.4  (5) 


8  Mean  ±  SE  (N). 


During  the  first  24-hour  period  the  urinary  output  was  2.6  mg 
CTFE  and  declined  at  1  and  2  weeks  postdosing. 

Although  there  are  not  many  data  points  for  plasma  fluoride 
concentration,  the  points  can  be  fitted  to  a  first  order  elimin¬ 
ation  process  with  a  half-life  of  approximately  3  days.  Plasma 
CTFE  concentrations  appear  to  follow  similar  elimination 
kinetics,  again  with  an  approximate  3  day  half-life. 

The  urine  and  plasma  fluoride  concentrations  of  male  rats 
following  a  6-hour  CTFE  saturated  vapor  exposure  are  summarized 
in  Table  74.  All  10  male  rats  in  this  exposure  group  (CTFE 
-  2.77  mg/L)  died  within  3  days  after  exposure.  Due  to  mortal¬ 
ity  of  the  exposed  rats  only  the  first  urine  collection  and  the 
first  2  bleedings  were  conducted.  There  were  increased  fluoride 
concentrations  in  both  urine  and  blood.  These  increases  were 
much  smaller  following  inhalation  exposure  than  oral  exposure. 

The  cause  of  death  among  the  exposed  animals  appeared  to  be  pul¬ 
monary  edema,  possibly  induced  by  an  aerosol.  To  investigate  the 
possibility  of  aerosol  formation,  additional  inhalation  exposures 
were  conducted  using  various  filters  in  the  generation  system  and 
a  particle  counter  to  sample  the  chamber  atmosphere.  The  results 
of  these  trials  are  summarized  in  Table  75.  In  these  repeat 
trials,  animal  mortality  did  not  exhibit  a  consistent  correlation 
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TABLE  74.  URINARY  AND  PLASMA  FLUORIDE  CONCENTRATION8,  OF 
MALE  RATS  FOLLOWING  6-HOUR  SATURATED  VAPOR  EXPOSURE  TO  CTFE 


Estimated  CTFE 
Cone.  (mg/L) 


Plasma  Cone.  (mg/L) 

_ Time  Postexposure _ 

Immediate  24  Hours 


Urinary  Cone. 

(mg/24  hour) 
at  24  Hours  Mortalit 


0 

2.77 


0.11  ±  0.002(5) 
0.33  ±  0.037(5) 


0.12  ±  0.005(5) 
0.15  ±  0.007(5) 


17.9  ±  0.5(5) 
55.7  ±  1.8(5) 


0/10 

10/10 


a  Mean  ±  SE  (N). 


TABLE  75.  SUMMARY  OF  CTFE  SATURATED  VAPOR  EXPOSURES  TO 
MALE  SPRAGUE-DAWLEY  RATS 


Exposure 

Exposure 

Duration 

(Hour) 

Filter 

Nominal 

Cone. 

(mg/L) 

Mortality 

(No.  Dead/No.  Exposed) 

1 

6 

None 

2.78 

10/10 

2 

4 

Glass  Wool 

— 

2/5 

3 

6 

Balston 

2.86 

4/4 

4 

6 

Balston 

3.51 

1/5 

5 

6 

Balston 

2.48a 

0/5 

8  Material  from  Exposure  4  was  reused  for  this  exposure. 


with  the  presence  or  absence  of  an  aerosol,  indicating  that  aero¬ 
sol  was  not  necessary  for  lethality. 


Additional  inhalation  exposures  are  planned.  CTFE  and  fluo¬ 
ride  ion  concentrations  in  blood  and  urine  will  also  be  monitored 
in  rats  following  dermal  exposure.  The  results  of  these  expo¬ 
sures  will  be  presented  in  a  future  annual  report. 


SENSITIZING  POTENTIAL  OF  NAVY  HYDRAULIC  FLUID  PLURASAFE  MC200 

The  THRU  has  examined  samples  of  several  Navy  hydraulic 
fluids  to  evaluate  their  irritation  and  sensitization  potentials. 
One  of  those  which  was  previously  examined  was  an  ethylene  glycol 
base  fluid  designated  WGF-200D,  produced  by  Wyandotte  Corpora¬ 
tion,  Parsippany,  New  Jersey.  The  hydraulic  fluid  WGF-200D 
caused  no  eye  or  skin  irritation  but  did  produce  high  reaction 
scores  in  the  guinea  pigs  and  was  classified  as  a  sensitizer. 


The  hydraulic  fluid  has  been  reformulated  to  meet  MIL  SPEC 
22072B,  and  is  now  designated  Plurasafe  MC200. 

Plurasafe  MC200,  produced  by  BASF  Wyandotte  Corporation  is 
an  ethylene  glycol  base  fluid.  The  fluid  was  supplied  by  the 
Naval  Medical  Research  Institute/Toxicology  Detachment,  Wright- 
Patterson  Air  Force  Base,  Dayton,  Ohio  and  has  an  NMRI/TD  desig¬ 
nation  of  #4179. 

Since  the  exact  composition  of  Plurasafe  MC200  is  unknown, 
there  was  some  concern  that  it  too,  may  be  a  sensitizer.  The 
purpose  of  this  study  was  to  determine  if  Plurasafe  MC200  was 
capable  of  sensitizing  guinea  pigs. 

Ten  male  albino  guinea  pigs,  Hartley  strain,  6  to  8  weeks  of 
age,  were  used  for  sensit iza tion  testing.  The  fluid  was  first 
tested  for  primary  irritation  on  3  guinea  pigs  by  application  to 
the  clipped  flank.  Observation  was  made  at  24  hours  for  signs  of 
irritation.  No  erythema  or  edema  was  produced  from  this  applica¬ 
tion  and  consequently,  the  sensitization  test  was  conducted  using 
undiluted  hydraulic  fluid. 

An  area  on  the  back  of  each  animal  directly  above  the  fore¬ 
legs  was  clipped  with  electric  clippers  and  chemically  depilated 
with  a  commercial  depilatory  on  the  morning  of  the  first  insult 
exposure.  The  hydraulic  fluid,  0.1  mL  at  each  application,  was 
applied  to  this  area  on  a  1/2  x  1/2"  cotton  gauze  square,  covered 
with  plastic  wrap  and  held  in  place  with  adhesive  tape.  The 
first  insult  patch  was  allowed  to  remain  in  place  for  2  days, 
then  removed,  and  a  second  application  of  0.1  mL  was  made.  Two 
days  later,  this  patch  was  removed,  a  total  of  0.2  mL  of  a  50% 
aqueous  dilution  of  Freund's1  adjuvant  per  animal  was  injected 
intradermal ly ,  using  3  points  adjacent  to  the  insult  site,  then  a 
new  patch  of  0.1  mL  of  the  test  material  was  applied.  On  the 
third  day  after  this  application,  the  patch  was  removed  and  a  new 
patch  of  0.1  mL  of  the  material  applied.  The  last  patch  was 
removed  2  days  later,  and  the  animals  were  allowed  to  rest  for  2 
weeks.  Each  time  the  insult  patches  were  removed,  the  condition 
of  the  skin  at  the  application  site  was  evaluated  and  recorded. 
When  the  last  patch  was  removed,  the  toes  of  the  hind  feet  of 
each  animal  were  taped  to  prevent  the  animal  from  scratching  the 
irritated  area. 


1  Bacto  Adjuvant  Complete,  Freund,  Difco  Laboratories,  Detroit, 
Michigan. 
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After  the  2-week  rest  period,  the  flanks  of  the  animals  were 
clipped  and  challenged  with  the  test  solution.  The  challenge 
applications  were  not  occluded.  The  skin  responses  at  these 
sites  were  observed  and  recorded  at  24  and  48  hours  after  appli¬ 
cation.  Any  animal  showing  measureable  erythema  and/or  edema  at 
the  test  solution  challenge  site  was  rated  as  a  positive 
responder. 

One  of  10  guinea  pigs  responded  to  the  challenge  dose  of 
0.1  raL  Plurasafe  MC200  and  had  a  mild  erythematous  reaction  at  24 
hours  which  increased  in  severity  at  48  hours.  The  other  9 
guinea  pigs  showed  a  negative  response  to  the  challenge  dose  of 
the  hydraulic  fluid. 

One  week  later  the  responding  guinea  pig  and  2  others  which 
showed  no  response  to  the  initial  challenge  were  given  an  addi¬ 
tional  challenge  dose  of  0.1  mL  of  the  Plurasafe  MC200.  The 
reaction  of  each  of  the  3  guinea  pigs  was  similar  to  this  first 
challenge  reaction;  however,  the  response  of  the  sensitized 
animal  was  more  severe,  showing  a  moderate  erythematous  response 
at  24  hours  which  progressed  to  a  strong  response  by  48  hours. 

The  2  nonsensitized  guinea  pigs  showed  no  response  to  the  ad¬ 
ditional  challenge  dose  at  either  24  or  48  hours. 

The  response  of  the  one  guinea  pig  is  a  definite  sensitiza¬ 
tion  response.  This  response  of  1  guinea  pig  in  10  is  not  nearly 
as  dramatic  as  was  seen  with  the  hydraulic  fluid  WGF-200D  where 
78  and  100%  of  the  guinea  pigs  responded  to  the  two  samples 
tested  (MacEwen  and  Vernot,  1980).  However,  it  does  indicate 
that  Plurasafe  KC200  could  present  a  problem  to  individuals  pre¬ 
viously  sensitized  to  similar  hydraulic  fluids  or  who  are  allergy 
prone. 


EVALUATION  OF  THE  ACUTE  TOXICITY  OF  A  CYCLOTRIPHOSPHAZENE 

BASED  HYDRAULIC  FLUID 

INTRODUCTION 

The  Toxicology  Detachment  of  the  Naval  Medical  Research 
Institute  (NMRI/TD)  requested  that  the  Toxic  Hazards  Research 
Unit  (THRU)  determine  the  acute  toxicity  of  a  cyclotriphosphazene 
based  hydraulic  fluid.  The  Navy  is  developing  candidate  hydrau¬ 
lic  fluids  with  chemical  structures  of  cyclotriphosphazene  cyclic 
esters.  The  candidate  fluid  of  current  interest  contains  0.1%  of 
tolyltriazole  as  a  copper  corrosion  inhibitor. 
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No  toxicity  data  other  than  an  oral  LD50  greater  than  5  g/kg 
were  available  on  the  cyclotriphosphazene  ester;  however,  infor¬ 
mation  on  related  compounds  indicates  a  low  order  of  toxicity. 

The  additive,  tolyltriazole ,  is  considered  the  most  toxic  of  the 
two  compounds  with  an  oral  LD50  of  675  mg/kg  (HRCR,  1972).  Since 
tolyltriazole  is  present  at  only  0.1%  it  is  doubtful  that  this 
amount  would  increase  the  toxicity  of  the  hydraulic  fluid 
significantly. 

MATERIALS  AND  METHODS 

Test  Material 

The  hydraulic  fluid  is  a  cyclotriphosphazene  cyclic  ester 
containing  0.1%  tolyltriazole.  The  fluid  was  supplied  by 
NMRI/TD,  Wr ight-Patterson  Air  Force  Base,  Ohio.  Pertinent  data 
on  components: 

Cyclotriphosphazene  ester: 

NMRI/TD  No. 

Vapor  Pressure,  mm  Hg 


Tolyltriazole:  C7H7N3 

CAS  No.  29385-43-1 

Synonyms  Methylbenzotriazole 

1,2,3-Triazole  (methylphenyl ) 


Animals 

Fischer  344  rats  (CDF[ F344 ] /CrlBR)  purchased  from  Charles 
River  Breeding  Laboratories  were  used  in  the  acute  oral  toxicity 
test.  New  Zealand  White  rabbits  obtained  from  Clerco  Research 
Farms  were  used  in  the  dermal  and  irritation  studies,  and  Hartley 
Albino  guinea  pigs  purchased  from  Murphy  Breeding  Labs  were  used 
for  sensitization  testing.  All  animals  used  in  this  study  were 
male. 


Oral  Toxicity 

The  hydraulic  fluid  was  suspended  in  corn  oil.  The  suspen¬ 
sion  was  kept  in  a  turbulent  state  with  a  magnetic  stirring  plat¬ 
form  while  in  use.  Glass  syringes  with  oral  dosing  needles  were 
used  to  administer  the  fluid  to  the  rats.  Animals  were  fasted 
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for  at  least  16  hours  prior  to  the  administration  of  the  oral 
dose.  The  dose  volume  for  the  rats  was  0.01  mL/g  body  weight, 
with  the  rats  being  weighed  individually  at  the  time  of  dosing. 

An  initial  dose  of  5  g/kg  was  given  to  a  group  of  5  male 
rats.  If  no  deaths  occurred  at  this  level  no  additional  oral 
dosing  was  planned.  If  deaths  occurred  at  5  g/kg,  additional 
dosing  was  projected  to  determine  an  LD50.  Geometrically  spaced 
doses  would  be  administered  and  the  LD50  calculated  by  the  moving 
average  method  of  Weil  (1952).  Deaths  that  occurred  during  the 
14  days  immediately  following  the  administration  of  the  single 
dose  would  be  included  in  the  final  mortality  tally.  Surviving 
rats  were  weighed  at  1,  2,  4,  7,  10,  and  14  days  postexposure  and 
killed  on  the  14th  day  postexposure.  Symptoms  were  recorded  on 
symptomatology  forms. 


Dermal  Toxicity 

Male  albino  New  Zealand  rabbits  weighing  between  2  and  3 
kilograms  were  used.  All  rabbits  were  clipped  as  closely  as 
possible  with  an  Oster*  clipper  equipped  with  surgical  blades  and 
a  vacuum  attachment. 

The  animals  were  individually  weighed  prior  to  dosing  to 
determine  the  proper  dose  volume.  The  proper  volume  of  the  liq¬ 
uid  material  was  applied  undiluted  to  the  back  of  the  rabbit  and 
divided  as  equal?y  as  possible  between  the  2  sides.  The  dose  was 
kept  in  place  by  applying  8-ply  gauze  patches  over  the  liquid  on 
each  side  of  the  back.  A  patch  of  clear  plastic  wrap  was  then 
applied  over  the  clipped  back  area  and  elastoplast  tape  used  to 
wrap  the  entire  midsection  of  the  rabbit.  Specially  designed 
rabbit  restraining  harnesses  were  fitted  to  each  rabbit  at  the 
time  of  dosing  and  kept  in  place  during  the  dosing  period.  These 
harnesses  prevent  excessive  s^vement  of  the  rabbits  and  prevent 
chewing  on  the  taped  area  while  allowing  the  rabbit  access  to 
food  and  water  during  the  dosing  period. 

All  doses  were  kept  in  contact  with  the  rabbit  skin  for  24 
hours.  After  24  hours,  the  tape,  plastic  wrap,  and  gauze  were 
removed  and  the  harnesses  taken  off.  The  rabbits  were  maintained 
in  individual  cages  postexposure  and  observed  for  mortality  or 
other  signs  of  toxicity  during  the  14  days  immediately  following 
exposure. 
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The  animals  were  observed  frequently  on  the  day  of  dosing 
and  twice  daily  thereafter.  Symptoms  were  recorded  on  symptoma¬ 
tology  forms.  Body  weights  were  obtained  at  the  time  of  dosing 
and  on  days  1,  2,  4,  7,  10,  and  14  posttreatment. 

Testing  was  initiated  by  dosing  5  rabbits  with  2  mL  of  test 
material/kg  of  body  weight.  If  there  was  no  mortality  at  this 
level  no  additional  dose  levels  were  administered.  Ii'  mortality 
occurred,  testing  would  continue  with  5  animals/dose  level.  LD50 
calculations  would  be  made  using  the  moving  average  method  of 
Weil  (1952). 


Skin  Irritation 

All  rabbits  dosed  at  2  mL/kg  in  the  acute  dermal  toxicity 
study  were  examined  for  skin  irritation  following  24-hour  contact 
with  the  hydraulic  fluid.  If  no  skin  irritation  was  present,  no 
further  skin  testing  was  done.  However,  if  irritation  was  noted 
at  the  2  mL/kg  level,  a  standard  skin  irritation  evaluation  was 
planned. 


Bye  Irritation 

One  tenth  mL  of  the  compound  was  applied  to  1  eye  of  each  of 
9  albino  rabbits.  The  opposite  eye  was  untreated  and  served  as  a 
control.  The  eyes  of  the  test  animals  were  examined  with  fluo¬ 
rescein  stain  prior  to  use  to  ensure  absence  of  lesions  or  in¬ 
jury.  A  topical  anesthetic  (Alcaine;  Proparacaine  HC1  0.5%)  was 
instilled  in  the  eyes  of  all  rabbits,  treated  and  control,  ap¬ 
proximately  2  minutes  prior  to  application  of  the  test  substance. 
The  treated  eye  of  6  rabbits  remained  unwashed  while  the  remain¬ 
ing  three  rabbits  received  test  material  and  then  had  the  treated 
eye  fleshed  for  1  minute  with  lukewarm  water  starting  no  sooner 
than  20-30  seconds  after  instillation.  Examination  for  gross 
signs  of  eye  irritation  were  made  at  1,  2,  3,  4,  and  7  days  fol¬ 
lowing  application.  In  case  of  injury,  the  animals  would  be 
scored  3  times  a  week  until  the  lesion  subsided  or  was  deemed 
irreversible.  Scoring  of  irritative  effects  was  made  according 
to  the  method  of  Draize  (1959)  in  which  cornea,  iris,  and  con¬ 
junctival  effects  are  scored  separately.  In  this  scoring  system, 
injuries  to  the  cornea  and  iris  may  represent  as  much  as  80%  of 
the  total  score.  Cornea  and  iris  scores  are  heavily  weighted 
because  of  the  essential  role  of  these  tissues  in  vision. 
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Skin  Sensitization 


/  Ten  male,  albino  guinea  pigs,  Hartley  strain,  6  to  8  weeks 

of  age,  were  used.  The  hydraulic  fluid  war,  tested  for  primary 
irritation  on  3  guinea  pigs  by  application  to  the  clipped  flank. 
Observations  were  made  at  24  hours  for  sigm  of  irritation. 

Prior  to  the  start  of  the  study,  all  test  guinea  pigs  were 
clipped  on  the  left  flank  to  evaluate  baseline  irritation  re¬ 
sponse.  An  application  of  0.1  mL  of  the  hydraulic  fluid  was 
applied  to  the  clipped  area.  The  application  was  occluded  and 
responses  were  recorded  at  24  and  48  hours. 

An  area  on  the  back  of  each  animal  directly  above  the  fore¬ 
legs  was  clipped  with  electric  clippers  and  chemically  depilated 
with  a  commercial  depilatory  on  the  morning  of  the  first  insult 
exposure.  Test  solutions,  0.1  ml,  at  each  application,  were  ap¬ 
plied  to  this  area  on  a  1/2  x  1/2"  cotton  gauze  square,  covered 
with  plastic  wrap  and  held  in  place  with  adhesive  tape.  The 
first  insult  patch  was  allowed  to  remain  in  place  for  2  days, 
then  removed,  and  a  second  application  of  0.1  mL  was  made.  Two 
days  later,  this  patch  was  removed  and  a  total  of  0.2  mL  of  a  50% 
aqueous  dilution  of  Freund's  adjuvant  per  animal  was  injected 
intradermal ly ,  using  2  or  3  points  adjacent  to  the  insult  site, 
then  a  new  patch  of  0.1  mL  of  the  test  material  was  applied.  On 
the  third  day  after  this  application,  the  patch  was  removed  and  a 
new  patch  of  0.1  mL  of  the  material  applied.  The  last  patch  was 
removed  2  days  later,  and  the  animals  were  allowed  to  rest  for  2 
weeks.  Each  time  the  insult  patches  were  removed,  the  condition 
of  the  skin  at  the  application  site  was  evaluated  and  recorded. 
When  the  last  patch  was  removed,  the  toes  of  tne  hind  feet  of 
each  animal  were  taped  to  prevent  the  animal  from  scratching  the 
irritated  area. 

After  the  2-week  rest  period,  the  flanks  of  the  animals  were 
clipped  and  challenged  with  the  test  solution.  The  challenge 
applications  were  not  occluded.  The  skin  responses  at  these 
sites  were  recorded  at  24  and  48  hours  after  application.  Any 
animal  showing  measureable  erythema  and/or  edema  at  the  challenge 
site  was  rated  as  a  positive  responder. 

In  scoring  the  Maguire  Test,  the  important  statistic  is 
frequency  of  the  reaction.  The  following  table  is  used  to  clas¬ 
sify  test  materials  as  to  sensitization  potential. 
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Sensitization 

Rate  (%)  Grade 


10 

I 

Weak 

20-30 

II 

Mild 

40-60 

III 

kfrjderate 

70-80 

IV 

Strong 

90-100 

V 

Extreme 

RESULTS 

Oral  Toxicity 

An  oral  dose  of  5  g/kg  given  to  5  male  rats  resulted  in  no 
mortality  after  14  days  of  observation.  No  signs  of  toxic  stress 
were  noted  during  this  period  and  all  rats  showed  normal  body 
weight  gains. 


Dermal  Toxicity 

Five  rabbits  were  given  a  dermal  dose  of  2  mL/kg  which  was 
kept  in  contact  with  the  skin  for  24  hours.  No  deaths  occurred 
during  the  subsequent  14-day  observation  period.  No  signs  of 
toxic  stress  were  noted  during  the  14-day  period  and  all  rabbits 
showed  normal  weight  gains. 


Eye  Irritation 

Nine  rabbits  were  tested  for  eye  irritation.  The  treated 
eye  of  6  of  the  rabbits  remained  unwashed  following  treatment 
while  the  remaining  3  rabbits  received  the  test  material  and  then 
had  the  eye  flushed  for  1  minute  with  lukewarm  water.  Examina¬ 
tions  for  gross  eye  irritation  were  made  at  1,  2,  3,  4,  and  7 
days  following  application.  No  signs  of  eye  irritation  were 
found  at  any  of  the  observation  periods. 


Skin  Irritation 

The  rabbits  from  the  dermal  study  received  doses  approxi¬ 
mately  8  times  the  recommended  dose  for  primary  skin  irritation 
testing,  as  well  as  being  in  contact  with  the  hydraulic  fluid  for 
6  times  the  recommended  time  period.  These  rabbits  showed  no 
signs  of  skin  Irritation  when  examined  at  24,  48,  and  72  hours 
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following  the  dermal  dose.  Since  no  skin  irritation  occurred 
following  this  more  severe  test,  it  was  concluded  that  the 
hydraulic  fluid  poses  no  hazard  as  a  skin  irritant. 


Skin  Sensitization 

The  sensitization  test  was  performed  on  male  guinea  pigs 
using  a  modified  Maguire  method.  No  sensitization  r  sponse 
occurred  in  any  of  the  guinea  pigs  following  the  challenge  dose 
of  the  hydraulic  fluid. 


DISCUSSION 

The  oral  and  dermal  toxicity  tests  were  done  using  an  upper 
limit  test  of  5  g/kg  and  2  mL/kg,  respectively.  As  no  deaths 
occurred  during  the  subsequent  14-day  observation  period  it  was 
unnecessary  to  do  further  testing.  The  hydraulic  fluid  is  con¬ 
sidered  non-toxic  by  either  the  oral  or  the  dermal  route  of 
administration. 

Eye  and  skin  irritation  and  skin  sensitization  tests  proved 
to  be  negative.  The  results  of  the  acute  toxicity  tests  reported 
herein  indicate  that  this  cyclotriphosphazece  based  hydraulic 
fluid  should  not  pose  an  acute  hazard  to  workers  during  produc¬ 
tion  or  use. 


ACUTE  TOXICITY  OF  THIONYL  CHLORIDE  VAPOR  FOR  RATS 

The  Air  Force  will  be  replacing  existing  standby  power  bat¬ 
teries  at  Minuteman  Missile  sites  with  new  lithium/thionyl  chlo¬ 
ride  batteries.  During  use,  storage,  or  deactivation  of  lithium 
batteries,  thionyl  chloride  may  be  released  into  the  environment. 

Little  information  was  available  on  the  toxicity  of  thionyl 
chloride.  Generally,  thionyl  chloride  (SOCI2)  vapor  is  thought 
to  decompose  in  moist  air  to  form  hydrogen  chloride  and  sulfur 
dioxide.  For  this  reason,  the  toxic  effect  of  thionyl  chloride 
is  often  assumed  to  be  the  additive  effect  of  hydrogen  chloride 
and  sulfur  dioxide.  Patty  (1963)  mentions  a  study  by  Flury  and 
Zernik  (1931)  in  which  a  20-rainute  exposure  to  17.5  ppm  thionyl 
chloride  proved  fatal  to  cats.  However,  there  appears  to  be  an 
error  in  the  original  publication  in  conversion  of  units  which 
leads  to  uncertainty  in  the  actual  concentration  tested. 


Studies  have  been  conducted  in  this  laboratory  on  the  acute 
toxicity  of  hydrogen  chloride  and  sulfur  dioxide.  Darmer  et  al. 
(1972)  reported  a  5-minute  and  30-minute  male  rat  LC50  for 
hydrogen  chloride  vapor  of  40898  and  4701  ppm,  respectively. 
MacEwen  and  Vernot  (1976)  report  a  1-hour  rat  LC50  of  3120  ppm 
for  hydrogen  chloride  vapor.  The  1-hour  inhalation  LC50  value  of 
sulfur  dioxide  vapor  for  male  rats  has  been  reported  by  MacEwen 
and  Vernot  (1977)  as  2520  ppm. 

This  study  was  designed  to  determine  the  male  rat  1-hour 
LC50  of  thionyl  chloride  when  delivered  to  an  exposure  chamber  in 
an  atmosphere  of  low  humidity  which  would  result  in  minimum  de¬ 
composition  of  the  contaminant.  It  was  also  our  purpose  to 
determine  whether  the  acute  toxicity  of  thionyl  chloride  could  be 
considered  as  the  additive  effect  of  its  decomposition  products. 


METHODS  AND  MATERIALS 


Test  Agent 

Thionyl  chloride  was  purchased  from  Aldrich  Chemical 
Company,  Milwaukee,  Wisconsin.  Quality  control  analyses  on  SOCI2 
were  conducted  using  a  Beckman  Acculab  4,  infrared  (IR) 
analyzer.  IR  scans  were  obtained  for  approximately  10  mg/mL 
concentrations  of  S0C1 2  in  carbon  tetrachloride  which  were  read 
against  a  solvent  blank. 


Generation 

Exposures  were  conducted  in  a  60-liter,  Plexiglas®,  exposure 
chamber.  The  chamber  air  supply  consisted  of  high  purity  dry 
nitrogen  (99.99%  min.,  Matheson  Gas  Products)  and  Zero-Gas®  dry 
oxygen  (99.8%  min.,  Matheson  Gas  Products)  combined  in  a  4:1  flow 
ratio  monitored  with  calibrated,  Fisher  &  Porter  flowmeters. 

High  purity  dry  gases  were  used  to  minimize  hydrolytic  decomposi¬ 
tion  of  thionyl  chloride. 

Liquid  thionyl  chloride  was  supplied  by  a  syringe  pump 
(Sage,  Model  #355)  to  a  helical,  glass  evaporating  tower  where  it 
was  vaporized  in  a  counterstream  of  nitrogen.  Because  of  SOCI2 
volatility  and  the  possibility  of  thermal  decomposition,  the 
evaporating  tower  was  not  heated. 
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Total  Chloride  Contaminant  Analysis 

The  exposure  chamber  atmosphere  was  monitored  for  chloride 
ion  concentration  using  a  flow  cell  containing  a  chloride  ion 
electrode  (Orion,  Model  #94-17B)  and  a  reference  electrode 
(Orion,  Model  #90-02).  Electrode  response  was  read  on  a  pH  meter 
set  on  expanded  millivolt  scale  and  referenced  to  a  strip-chart 
recorder.  A  timer-controlled,  electromechanical  valve  switched 
from  tower  effluent  to  baseline  absorbing  solution  fiom  a  tower 
by-pass. 


Thionyl  Chloride  Analysis 

The  concentration  of  unhydrolyzed  SOCI2  in  the  chamber  at¬ 
mosphere  was  measured  by  IR  analysis  of  carbon  tetrachloride 
(CCI4)  solutions  of  the  contaminant  obtained  by  impinger  sampl¬ 
ing.  Chamber  air  was  drawn  through  a  train  of  three  impingers, 
each  containing  20  raL  of  CCI4,  at  a  metered  flow  of  1.5  L/min. 

The  resultant  solutions  were  read  on  the  Beckman  Acculab  4  IR 
analyzer  against  a  CCI4  blank  using  liquid  cells  with  sodium 
chloride  windows  and  set  at  0.1  mm  path  lengths.  The  instrument 
scanned  each  impinger  sample  from  a  wavelength  of  2.5  pm  to  16 
pm.  Absorbance  at  8.3  pm  was  indicative  of  SOCI2. 

The  instrument  was  calibrated  by  measuring  the  absolute 
transmittance  at  8.3  pm  of  standard  solutions  of  SOCI2  dissolved 
in  CCI4.  Transmittance  was  converted  to  absorbance  units  and 
plotted  as  a  function  of  standard  concentration  in  mg/mL. 

Sampling  for  thionyl  chloride  analysis  was  done  once  during 
each  exposure.  The  chamber  was  allowed  to  achieve  a  stable  total 
chloride  contaminant  concentration  as  indicated  by  the  chloride 
ion  electrode  analysis  before  impinger  sampling  was  initiated. 

In  most  cases,  impinger  sampling  continued  for  the  duration  of 
the  exposure. 


Animals 

The  animals  used  in  these  experiments  were  male  CDF* 
(Fischer  344)/CrlBR  rats,  nine  to  eleven  weeks  of  age,  obtained 
from  Charles  River  Breeding  Labs,  Wilmington,  Massachusetts. 
Exposure  groups  consisted  of  5  animals. 
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EXPERIMENTAL  RESULTS 


The  concentrations  of  decomposed  and  undecomposed  SOCI2 
uetermined  during  the  inhalation  exposures  are  given  in 
Table  7C.  Although  dry  gases  were  used  to  generate  the  atmo¬ 
spheres,  enough  moisture  was  produced  by  the  rats  to  produce 
relative  humidities  of  around  50%.  Under  these  conditions,  SOC1 
was  completely  hydrolyzed,  or  almost  so,  in  all  experiments  so 
that  rats  were  exposed  to  SO2  and  HC1  in  a  ratio  of  1:2. 


TABLE  18.  CONCENTRATIONS  OF  DECOMPOSED  AND  UNDECOMPOSED  THIONY] 
CHLORIDE  IN  INHALATION  EXPOSURE  CHAMBERS 


Decomposed 

SD 

Undecomposed 

Chamber 

%  Rel . 

Cone. ,  ppm 

ppm 

Cone. ,  ppm 

Temp. ,  °C 

Humidit 

661 

±  68 

11 

22.0 

47 

503 

+  46 

0 

25.0 

39 

413 

±  24 

0 

23.5 

46 

360 

±110a 

0 

27.0 

58 

302 

±  44 

0 

25.0 

50 

a  Large  standard  deviation  due  to  syringe  pump  jamming  during 
exposure. 


Mortality  in  the  1-hour  inhalation  exposures  is  shown  in 
Table  77.  Low  non-lethal  concentrations  were  irritating  to  the 
eyes  and  respiratory  system  resulting  in  shallow  breathing  and, 
eventually,  gasping.  Deaths  were  directly  attributed  to  severe 
lung  irritation  with  resultant  edema  formation.  Deaths  usually 
occurred  within  24  hours  of  exposure  termination.  No  deaths 
occurred  beyond  48  hours  after  exposure. 

Survivors  of  thionyl  chloride  concentrations  in  which 
partial  lethality  occurred  never  regained  original  body  weight, 
with  the  exception  of  the  single  survivor  from  the  highest  con¬ 
centration  exposure.  Rats  exposed  at  non-lethal  concentrations 
regained  their  original  body  weight  during  the  second  week  of 
postexposure  observation. 
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TABLE  77.  EFFECT  OF  1-HOUR  INHALATION  EXPOSURES  OF  MALE 
FISCHER  344  RATS  TO  THIONYL  CHLORIDE 


Concentration,  ppma 


SO2-HCI  Mortality  Number  Dead  At 


S0C12 

SO2 

HC1 

Total 

Ratio 

24  hrs  48 

hrs 

11 

661 

1322 

1983 

4/5 

3 

1 

0 

503 

1006 

1509 

3/5 

3 

- 

0 

413 

826 

1239 

2/5 

2 

- 

0 

360 

720 

1080 

0/5 

- 

- 

0 

302 

604 

906 

0/5 

— 

— 

SOCI2  measured 

concentrations,  others 

calculated . 

LC50 

of  SO2 

+  HC1 

mi xture 

(95?  confidence  limits)  = 

=  1480 

(1170 

-2110) 

ppm. 

LC50 

calculated  as 

SOCI2 

(95?  confidence  limits)  = 

500 

(420-660)  ppm. 


Pathology 

Gross  examination  of  the  rats  that  died  during  or  shortly 
following  exposure  showed  that  the  respiratory  tract  was  the 
primary  target  for  the  SOCI2  damage.  Mild  to  moderate  multifocal 
congestion  with  multiple  areas  of  moderate  to  severe  ecchymotic 
hemorrhage  were  observed  in  the  rats.  There  was  also  evidence  of 
atelectasis  and  consolidation  with  some  residual  alveolar  damage. 


DISCUSSION 

The  acute  effects  of  exposure  to  SOCI2  were  similar  to  those 
observed  with  exposure  to  other  pulmonary  irritants  such  as  OF2 
(Davis,  1970),  HF  (DiPasquale  and  Davis,  1971),  CIF5  (Darmer, 
1971),  CF 3  (Dost  et  al.  ,  1968),  and  HC1  (Darmer  et  al. ,  1972). 
Deaths  were  attributed  primarily  to  the  irritative  effects  of  the 
compound  on  the  respiratory  tract. 

The  exposures  of  male  rats  to  SOCI2  were  carried  out  by 
generating  the  contaminant  in  very  dry  air  to  minimize  decomposi¬ 
tion.  However,  it  was  impossible  to  eliminate  all  water  from  the 
exposure  chamber  due  to  the  moisture  from  the  animals  breath  and 
excreta.  Except  for  one  exposure,  the  complete  breakdown  of 
SOCI2  to  SO2  and  HC1  was  not  prevented. 


Finney  (1952)  gives  the  following  equation  for  calculation 
of  mixture  LC50  values: 


Predicted  LC50  Mixture  LC50  Component  LC50  Component^ 


Where:  pa  =  Proportion  of  component  a ,  p^  =  Proportion  of 

component  b  and  Pa  +  Pb  =  1*00* 

For  the  1:2  mixture  of  SO2  and  HC1 ,  this  becomes: 


1  0.33  0.67 

- -  =  -  +  - 

LCS0  Mixture  2520  3120 


Predicted  LC50  mixture  =  2890  ppm  or  960  ppm  as  S0C12* 


Since  the  measured  LC50  of  the  mixture  was  1480  ppm,  or  500 
ppm  as  SOCI2,  the  acute  toxicity  of  the  mixture  is  greater  than 
would  be  expected  from  simple  additivity  but  not  enough  to  place 
it  in  a  higher  toxicity  class.  Moreover,  the  major  reason  for 
measuring  the  acute  toxicity  of  SOCI2  was  that  Flury  and  Zernik 
(1931)  stated  that  cats  were  killed  during  a  20-minute  inhalation 
exposure  to  17.5  ppm,  a  value  which  appears  to  be  in  error.  Our 
data  obtained  with  rats  demonstrate  that  SOCI2  is  not  extremely 
toxic. 


SECTION  III 
FACILITIES 

ANALYSIS  OF  y-HYDROXYBUTYRIC  ACID  (GHBA)  AND 
Y-BUTYROLACTONE  (GBL)  IN  RAT  DRINE 

Single  dose  IP  administration  or  2-week  continuous  inhala¬ 
tion  of  dimethyl  methylphosphonate  (DMMP)  leads  to  urinary  excre¬ 
tion  of  Y-butyrolactone  (GBL)  or  y-hyaroxybutyric  acid  (GHBA)  in 
rats  (MacEwen  and  Vernct,  1984).  A  hypothesis  was  developed  that 
the  presence  of  either  GBL  or  GHBA  in  the  urine  is  due  to  the 
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inhibition  of  the  major  metabolic  pathway  of  succinic  semialde¬ 
hyde  dehydrogenase  (SSA-DH).  Succinic  semialdehyde  is  an 
intermediate  in  the  metabolism  of  the  neurotransmitter  y- 
aminobutyric  acid  (GABA)  (Figure  9). 
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Pigure  9.  Y-Aminobutyric  acid  metabolic  pathway. 


Blockage  of  SSA-DH  may  lead  to  the  increased  utilization  of 
the  alternate  metabolic  route  (SSA-R)  thereby  increasing  the 
products  GBL  or  GHBA. 
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In  order  to  test  this  hypothesis,  experiments  were  designed 
to  measure  urinary  GHBA  and  GBL  levels  after  administration  of 
DMMP ,  GBL  itself,  and  2-propylpentanoic  acid,  a  known  inhibitor 
of  SSA-DH.  To  carry  out  this  objective,  it  was  necessary  to 
develop  analytical  methods  which  could  distinguish  between  GHBA 
and  GBL  and  determine  each  with  accuracy  and  precision.  Since  it 
had  previously  been  shown  that  GHBA  was  converted  to  GBL  in  a  gas 
chromatograph,  procedures  were  developed  to  differentiate  between 
them  by  their  extraction  characteristics  into  chloroform.  The 
method  first  measures  GBL  +  GHBA  by  lactonization  of  the  GHBA 
using  strong  acid  and  heat  before  extraction.  In  a  separate 
sample  of  the  same  urine,  GBL  alone  is  determined  by  extraction 
without  acid  treatment. 


Procedure  for  Analysis  of  GBL  and  GHBA  in  Rat  Urine 

Urine  samples  are  analyzed  for  GBL  and  GHBA  the  day  after 
collection,  if  possible,  but  are  stored  at  -80°C  when  necessary. 
Two  1  mL  samples  are  taken  from  the  24-hour  collection  of  urine 
following  treatment.  They  are  placed  in  two  4  mL  TR-Vials.  The 
first  sample  is  treated  with  acid  and  heat  to  convert  the  GHBA  to 
GBL.  The  treatment  steps  are  as  follows: 

1.  Add  0.06  mL  concentrated  sulfuric  acid  to  1  mL  urine. 

2.  Heat  at  83°C  for  15  minutes. 

3.  Cool  to  room  temperature. 

Both  samples  are  then  individually  extracted  to  remove  the 
GBL  for  analysis.  The  extraction  steps  in  the  4  mL  TR-Vial  are 
as  follows: 

1.  Extract  1  mL  urine/2  mL  chloroform  with  a  1  minute 
swirl. 

2.  Add  100  mg  Alconox®  and  swirl  to  mix. 

3.  Separate  off  the  chloroform  extract. 

4.  Extract  1  mL  urine/2  mL  chloroform  with  a  1  minute 
swirl. 

5.  Remove  chloroform  layer  and  pool  with  the  first- 
extract. 

6.  Evaporate  to  1  mL  and  inject  2  nL  into  gas 
chromatogram. 


The  extracted  samples  are  analyzed  by  GC  and  recorded 
using  a  computing  integrator  under  the  following  conditions: 

GC:  Varian  3700  with  FID 

Sample  Size:  2  pL 

Column  Flow:  3  mL/min 

Splitter  Flow:  50  mL/min 

Column:  50  m  x  0.32  mm  Carbowax®  CP57  WCOT 

Column  Temperature:  130®C 

Injector  Temperature:  210°C 

Detector  Temperature:  2608C 

Integrator:  Hewlett-Packard  3388 

The  retention  time  is  about  8  minutes,  varying  slightly  from 

day  to  day.  A  standard  of  GBL  in  chloroform  is  run  daily  to 

determine  retention  time  and  to  check  detector  sensitivity  which 
also  varies  from  day  to  day.  GBL  and  GHBA  excreted  per  day  are 
calculated  from  the  concentrations  and  the  total  urine  volume. 
This  procedure  was  applied  to  urine  from  rats  given  IP  doses  of  2 

mL/kg  DMMP  and  to  control  rats.  It  was  shown  that: 

1.  Control  urine  contains  a  negligible  concentration  of 
GBL  and  a  reproducible  low  level  of  GHBA. 

2.  IP  administration  of  DMMP  results  in  significant 
levels  of  urinary  GBL  anu  increases  in  urinary  GHBA. 

The  urine  samples  used  to  check  the  GC  procedure  were  also 
analyzed  using  the  HP  5993  GC/MS  under  chromatographic  conditions 
listed  below: 

Column:  Chrompak-57  capillary,  50  m  x  0.32  mm 

Column  Temperature:  130°C  isothermal 

Injector  Temperature:  210°C 

Carrier  Flow:  Helium  at  3  mL/min,  20  psi 

Splitter  Flow:  10  mL/min 

Run  Time:  12  min 

Scan  Delay:  5  min 

Injection  Volume:  5.0  pL 

In  order  to  maximize  GC/MS  sensitivity,  GBL  was  measured  by 
selected  ion  monitoring  (SIM).  The  GBL  peak  assignment  was  made 
on  the  basis  of  retention  time  coincidence  of  mass  fragments  at 
42,  56,  and  86  amu  which  are  evident  in  the  mass  spectrum  of  GBL 
shown  in  Figure  10. 
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GBL  concentration  in  the  urine  was  quantitated  using  chro¬ 
matographic  peak  area  achieved  by  monitoring  the  ion  at  42  amu. 
Because  of  fluctuations  in  detector  sensitivity  from  run  to  run, 
GBL  response  had  to  be  normalized  to  the  response  to  an  internal 
standard  which,  in  this  case,  was  y-valerolactone  (GVL) .  The 
peak  area  obtained  by  monitoring  mass  fragment  56  amu  in  the  GVL 
spectrum,  shown  in  Figure  11,  served  as  the  reference  response. 
All  urine  samples  analyzed  for  GC/MS  quantitation  contained  GVL 
at  a  concentration  of  17  ug/mL.  This  was  accomplished  by  doping 
each  1  mL  sample  of  urine  extract  with  4.25  pL  of  a  4000  pg/mL 
GVL  solution  in  chloroform. 


Figure  11.  Library  mass  spectrum  of  Y-valerolactone  (GVL). 


A  17  ug/mL  GVL  solution  served  as  diluent  for  all  GBL  stan¬ 
dards.  This  solution  was  prepared  by  dissolving  4.0  pL  (4.228 
mg)  of  GVL  in  chloroform  and  diluting  to  250  mL.  A  25  pg/mL  GBL 
standard  was  then  prepared  by  dilution  of  2.50  mg  of  GBL  to  100 
mL  with  the  diluent.  The  remaining  standards  were  prepared  by 
further  dilution  of  the  25  pg/mL  standard. 

For  each  5.0  pL  injection  of  standard,  peak  areas  were  cal¬ 
culated  for  response  to  GVL  (56  amu)  at  RT  »  7.2  minutes  and  to 
GBL  (42  amu)  at  RT  =■  7.6  minutes.  The  GBL/GVL  area  ratio  was 
calculated  and  plotted  as  function  of  GBL  concentration. 
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This  procedure  confirmed  the  identity  of  the  compound  being 
chromatographed  as  GBL  and  also  duplicated  the  quantitative  and 
qualitative  results  of  the  GC/FID  procedure. 


CYCLOTRIPHOSPHAZENE  QUALITY  CONTROL 

Quality  control  (QC)  analysis  was  conducted  on  cyclotriphos- 
phazene,  hydraulic  fluid  (PN)  as  part  of  the  oral,  ocular,  and 
dermal  studies  on  this  material.  PN  is  composed  of  a  mixture  of 
heterosubstituted,  cyclotriphosphazene  cyclic  esters,  tolyltria- 
zole  (Cobratec*  TT-100),  and  a  copper-based  corrosion  inhibi¬ 
tor.  The  test  agent  has  a  vapor  pressure  of  12  mmHg  at  149°C  and 
undergoes  thermal  decomposition  at  185°C.  These  properties  ne¬ 
gate  the  possibility  of  gas  chromatographic  analysis  (GC)  on  the 
intact  material.  It  was  therefore  determined  that  liquid  chro¬ 
matography  (HPLC)  would  be  the  method  of  choice  for  QC  analysis 
of  PN. 


A  reverse  phase  separation  of  PN  components  was  conducted 
with  the  Waters  M-6000  Liquid  Chromatograph  using  a  C-18  column 
with  a  methanol/water  mobile  phase.  Chromatographic  bands  were 
read  by  UV  spectrophotometer  (Kratos  Spectroflow  773)  at  a  wave¬ 
length  of  259.2  nanometers.  Figure  12  is  a  representative  chro¬ 
matogram  obtained  by  this  method.  Chromatographic  conditions  are 
detailed  in  the  figure.  Results  of  eight  replicate  chromatograms 
are  presented  in  Table  78.  Reproducibility  is  good  and  is  ac¬ 
ceptable  for  purposes  of  QC  characterization. 


TABLE  78.  CHROMATOGRAPHIC  RESULTS  OF  CYCLOTRIPHOSPHAZENE 
QUALITY  CONTROL  ANALYSIS.  MATRIX  OF  %  AREA 
BY  PEAK  AND  SAMPLE 
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0.12 
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5.61 
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6.19 

5.53 

5.82 

5.70 
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7.59 
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7.41 
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7.93 
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6.27 
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4.91 
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0.40 

11.04 

1.96 

1.25 

1.52 

1.69 

1.28 

0.91 

1.01 

1.09 

1.34 

0.36 

Cyclotriphosphazene  Quality  Control  Analysis 

HPLC  -  Waters  M-6000  System 

Column:  Spherisorb  CDS,  50,  (20  x  0.4)  CM. 

Mobile  Phase:  90/10%  Methanol/Water  (Y/Y) 

Elution  Mode:  Isocratic 
Flow  Rate  =  0.7  C/min 

Inject.:  1.5  pL  of  1/20  Dilution  of  PN  in  Mob.  Ph. 
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Figure  12.  Sample  chromatogram  by  HPLC  for  cyclotriphosphazene 
quality  control  analysis. 


IMPROVEMENTS  TO  THOMAS  DOME  CHAMBER  SYSTEMS 


Chamber  Plow  Measurement  System 

Inlet  and  exhaust  chamber  airflow  measurements  are  made 
using  Meriam  laminar  flow  elements  installed  in  both  the  inlet 
and  exhaust  chamber  flow  lines.  Flow  element  output  of  4"  H2O 
differential  pressure  (dp)  is  nominally  equivalent  to  50  cfm 
airflow  through  the  laminar  unit.  Measurement  of  the  dp  output 
was  initially  accomplished  by  an  inclined  manometer  air  filter 
gage.  The  maximum  range  of  these  units  was  0-7"  H2O  differential 
pressure.  The  units  had  an  accuracy  of  ±  3%  of  full  scale.  The 
scale  consisted  of  a  combination  inclined  and  vertical  configura¬ 
tion.  This  lesulted  in  a  much  lower  accuracy  of  readings  in  the 
scale  range  required  for  chamber  readings.  Another  negative 
factor  in  the  original  manometer  gages  was  their  maximum  scale 
reading  of  7"  H2O  dp.  Normal  chamber  operation  requires  an  in¬ 
crease  in  chamber  air  flows  after  each  day's  exposure  to  remove 
the  contaminated  atmosphere  and  permit  entrance  by  technicians 
for  daily  chamber  and  animal  maintenance.  During  this  period, 
the  flows  required  for  effective  contaminant  removal  may  exceed 
the  manometer's  maximum  rating.  This  often  resulted  in  the 
measuring  fluid  being  forced  into  the  sensing  lines  and  into  the 
laminar  flow  elements,  requiring  their  removal,  cleaning,  and 
recalibration.  A  third  drawback  of  the  original  measurement 
configuration  was  the  procedure  for  calibration  of  the  units  by 
operating  personnel.  Incorrect  control  settings  during  calibra¬ 
tion  could  cause  a  blow-out  of  the  manometer  fluid  and/or  affect 
the  flow  controlling  transducer  causing  a  disturbance  to  chamber 
flow.  To  correct  the  problems,  the  tubing  connections  from  ma¬ 
nometers  to  transducers  were  redesigned  to  permit  calibration 
without  disturbing  the  flow  controller.  Additionally,  the  pre¬ 
viously  used  manometers  were  replaced  with  panel  mounted  well- 
type  units.  These  manometers  have  a  reading  accuracy  of  +  1%  and 
a  maximum  scale  reading  of  8"  H2O  dp,  accommodating  the  maximum 
chamber  flow  reading  expected  during  blow-off  procedures. 

Finally,  in  the  event  that  the  manometer  is  subjected  to  an  ex¬ 
cessive  pressure  drop,  the  units  are  equipped  with  safety  traps 
on  both  the  inlet  and  outlet  ports  to  eliminate  the  possibility 
of  fluid  loss.  For  ease  of  reading  and  calibration,  the  mano¬ 
meters  were  mounted  on  control  panels  located  near  the  flow 
transducers  and  laminar  flow  elements. 
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Chamber  and  Room  Painting 

A  complete  renovation  of  the  chambers  and  chamber  areas  was 
accomplished  during  this  report  period.  The  chambers  were  com¬ 
pletely  stripped  of  paint  and  recovered  with  several  layers  of 
epoxy  paint.  All  equipment  was  removed  for  cleaning  and  renova¬ 
tion.  Concurrently,  a  subcontract  was  let  to  provide  cleaning 
and  painting  of  the  chamber  rooms.  These  areas  still  retained 
the  black  painted  walls  required  for  photographic  and  light  in¬ 
cidence-related  studies.  These  requirements  were  no  longer  ap¬ 
propriate,  so  light  colors  were  chosen.  Painting  of  these  rooms 
resulted  in  a  vastly  improved  lighting  capability  in  the  areas 
plus  a  significantly  improved  appearance.  At  this  time  the  base¬ 
ment  areas  of  each  chamber  facility  were  also  repainted. 


Bridge  Crane  Safety  Modifications 

As  a  result  of  the  painting  of  the  chamber  rooms,  a  problem 
was  discovered  with  the  bridge  cranes  used  for  lifting  and  lower¬ 
ing  of  the  Thomas  Dome  Chamber  caps.  Painting  of  the  crane 
mechanisms  resulted  in  some  overspray  coating  the  trolley  sur¬ 
faces  of  the  crane  superstructure.  This  reduced  the  grounding 
capability  of  the  trolley  and  trolley  tracks.  Inspection  of  the 
two  5-ton  bridge  cranes  revealed  the  absence  of  a  direct  ground 
connection  to  the  building  superstructure.  Some  operating  per¬ 
sonnel  received  minor  electrical  shocks  when  operating  the  bridge 
crane.  Routine  use  of  the  crane  was  suspended  until  a  satisfac¬ 
tory  solution  could  be  implemented.  Of  the  two  bridge  cranes  in 
the  facility,  the  crane  in  Chamber  Room  A  was  the  simplest  to 
modify.  Power  was  supplied  to  the  crane  superstructure  by  a 
3-wire-440V  cord-reel  system.  The  reel  had  provisions  for  a 
fourth  wire  which  was  utilized  for  a  ground  connection.  A  #1C 
wire  was  connected  to  the  bridge  structure,  routed  to  the  cord- 
reel  connection  and  from  the  cord-reel  to  the  building  struc¬ 
ture.  Measurement  of  the  crane-to-ground  voltage  potential  after 
this  modification  resulted  in  potentials  of  less  than  1  volt. 

This  eliminated  any  possibility  of  personnel  exposure  to  hazard¬ 
ous  electrical  potentials  due  to  improper  grounding.  The  bridge 
crane  in  Facility  B  required  more  extensive  modifications.  This 
crane  was  supplied  power  by  a  3-wire  power  system,  supplied  to 
the  crane  by  a  rail-rider  system  of  electrical  connections.  This 
system  contained  only  three  rails,  1  for  each  leg  of  the  3-phase 
input  electrical  system.  To  accommodate  a  grounding  connection, 
a  fourth  rail  was  installed  and  connected  on  one  end  to  the 
building  structure  and  on  the  other  end  to  the  crane  structure. 
This  eliminated  hazardous  electrical  potentials  from  this 
equipment. 
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MULTI-USER  TERMINAL  SYSTEM 


The  system  has  been  modified  and  improved  significantly  over 
the  past  year.  Elements  added  or  upgraded  include: 

1.  Network  Components  Acquisition 

2.  IBM  AT  Acquisition  for  Network  Fileserver 

3.  Communications  Capability 

4.  Software  Programs 

5.  Peripheral  Devices 

The  network  configuration  completion  was  delayed  until  a 
network  was  available  which  not  only  had  the  desired  operating 
features,  but  also  which  might  be  expected  to  have  stability  and 
support  in  a  continually  changing  market.  With  IBM's  announce¬ 
ment  of  a  local  area  network  in  August  1984,  that  product  became 
the  focal  point  of  our  design.  Deliveries  were  delayed  but  all 
components  have  now  been  received.  The  delivered  network  com¬ 
ponents  include  7  network  adapter  boards,  1  for  each  of  the 
multi-user  data  terminals.  The  system  also  includes  a  network 
translation  unit  which  provides  conversion  and  control  of  the 
PC-to-network  communications.  File  communication  between  data 
terminals  of  the  system  is  currently  accomplished  via  either 
hard-wired  connections  at  9600  baud/960  characters  per  second  or 
1200  baud/120  characters  per  second.  These  utilize  commercially 
acquired  communications  packages  such  as  Crosstalk"  or  Ascom". 
With  the  completion  of  the  network  system,  file  transfers  may  be 
accomplished  at  the  rute  of  2  Mbits/sec  or  200,000  characters/ 
second.  This  increases  file  transfer  speeds  by  a  factor  of  200 
over  previous  capability.  A  network  operating  protocol  is  being 
developed  which  will  encompass  file  transfer  protocols,  security 
requirements,  file  and  hard  disk  backup  procedures  and  peripheral 
sharing  assignments.  The  IBM  network  system  also  includes  an 
electronic  mail  function.  This  provides  sending  and  receiving  of 
messages  to  each  terminal  on  the  network  system. 

It  is  now  possible  to  access  the  NBI  4000  word  processor 
from  the  IBM  terminals.  Considerable  modification  to  the  soft¬ 
ware  was  required  to  achieve  compatibility  between  the  IBM  sys¬ 
tems  and  the  NBI  Model  04000  systems.  Communications  have  also 
been  established  between  the  local  THRU  office  and  the  University 
of  California  campus  at  Irvine. 

An  additional  terminal  was  acquired  to  handle  the  network 
file-serving  function.  The  unit  acquired  was  an  IBM-AT.  This 
unit  has  a  more  powerful  microprocessor,  increased  fixed  disk 
storage  capacity  and  a  faster  operating  speed.  The  unit's  fixed 
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disk  has  a  maximum  storage  capacity  of  20  megabytes.  This  capa¬ 
city  will  allow  backup  of  the  total  capacity  of  the  10  megabyte 
fixed  disk  drives  on  each  of  the  IBM-XT's  in  the  network  sys¬ 
tem.  The  IBM-AT  operates  at  approximately  3  times  the  speed  of 
the  IBM-PC  or  IBM-XT.  This  unit  has  been  installed  in  the 
Engineering  Department.  The  faster  speed  will  enhance  the  hea^y 
requirements  required  of  software  programming  involved  in  assem¬ 
bling,  linking,  and  compiling  computer  languages.  The  unit  was 
installed  in  place  of  an  existing  IBM-XT  which  was  relocated  to 
the  Administration  Department.  The  unit  functioned  without  dif¬ 
ficulty  in  operating  the  peripherals  which  had  been  connected  to 
the  IBM-XT,  including  a  35  megabyte  fixed  disk  manufactured  by 
Tallgrass.  Full  implementation  of  the  IBM-AT  into  the  IBM  net- 
wotk  system  will  allow  backing  up  of  data  onto  cartridge  tapes 
from  any  terminal  attached  to  the  network  or  the  downloading  of 
software  updates  to  any  terminal  from  the  central  system.  Pro¬ 
cedures  such  as  these  should  greatly  simplify  the  administration 
of  network  programs  and  security. 

Several  software  programs  have  been  implemented  on  the  var¬ 
ious  terminals  and  applications  are  being  developed.  Lotus 
1-2-3“  has  been  established  on  the  Technical  Services  terminal, 
the  Administration  terminal,  the  Chemistry/Toxicology  terminal, 
and  the  Engineering  terminal. 

Symphony"  has  also  been  implemented  on  these  systems  and  is 
being  heavily  utilized  on  the  Administration  terminal  in  conjunc¬ 
tion  with  Symphony"  applications  also  in  use  at  the  Irvine  cam¬ 
pus.  Several  data  base  applications  are  being  evaluated  and 
developed  by  the  Technical  Services  Data  personnel.  These  in¬ 
clude  evaluations  of  the  feasibility  of  Lotus  1-2-3"  in  database 
applications  such  as  the  Engineering  Work  Order  Program.  Further 
evaluation  of  different  software  packages  is  being  conducted  to 
arrive  at  a  standardized  software  group  to  be  installed  on  each 
terminal  system.  This  software  grouping  will  be  implemented  and 
routinely  updated  as  new  software  versions  become  available.  The 
package  of  standard  software  currently  anticipated  would  include 
the  following  categories: 

1.  Word  Processing 

2.  Spread  Sheet 

3.  Data  Base 

4.  Communications 

5.  Graphics 

Other  specialized  software  would  be  available  on  a  per  ter¬ 
minal  basis.  Allocating  software  in  this  manner  should  simplify 
maintaining  control  of  software  applications.  Control  techniques 
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should  also  prevent  the  presence  of  multiple  software  programs 
being  used  to  accomplish  the  same  retirements,.  This  is  particu¬ 
larly  critical  in  the  areas  of  experimental  data  analysis  and 
reduction. 

Additional  peripheral  units  are  being  acquired  for  utiliza¬ 
tion  with  the  Multi-User  Terminal  System.  Several  plotters  are 
being  acquired  for  graphical  output  from  the  system  data  termi¬ 
nals.  Plotters  will  be  located  at  the  Statistics  data  terminal, 
the  Quality  Assurance  data  terminal  and  the  Engineering  data  ter¬ 
minal.  These  plotters  will  provide  graphical  output  from  soft¬ 
ware  programs  such  as  Lotus  1-2-3"  spread  sheet  packages  and 
graphics  output  packages  such  as  Energraphics".  These  units  are 
capable,  with  the  proper  software,  of  providing  camera-ready 
copy.  Another  peripheral  being  added  to  the.  system  ic  a  laser- 
printer.  The  laser  printer  will  be  a  shared  peripheral  on  the 
network  system  which  will  provide  high-speed  letter-quality 
printing  for  any  terminal  on  the  system.  Location  of  the  printer 
may  be  at  any  of  the  data  terminals.  Nominal  speed  of  these 
types  of  laser  printers  is  3  pages/minute  of  letter-quality  copy. 


PARTICLE  DEPOSITION  AND  CLEARANCE  FROM  THE  LUNGS 
OF  4  STRAINS  OF  MALE  RATS 

Interspecies  or  strain  differences  in  toxicity  can  often  be 
useful  in  elucidating  a  specific  toxic  mechanism  or  pathway. 
Conversely,  unknown  species  or  strain  differences  can  cause  con¬ 
fusion  in  comparing  data  from  several  laboratories  when  different 
strains  are  used.  In  the  case  of  inhaled  particle  deposition  and 
clearance,  variable  results  have  been  reported  in  studies  using 
different  rat  strains.  Ferin  and  Morehouse  (1980)  showed  a  2- 
component  alveolar  clearance  curve  for  Long-Evans  rats  but  only 
one  component  for  Fischer  344  rats.  Chan  et  al.  (1981)  and  Wolff 
et  al.  (1982),  however,  did  find  a  2-component  curve  for  the 
Fischer  344  rats.  In  addition,  Biancc  et  al.  (1980)  found  only 
one  alveolar  clearance  component  for  Sprague-Dawley  rats,  whereas 
Newton  and  Pfledderer  (1985)  found  a  2-component  curve.  Some  of 
the  disparities  may  be  attributed  to  particle  size  and  compo¬ 
sition  or  to  measurement  techniques  but  they  also  may  result  from 
true  interstrain  differences.  The  only  interstrain  study  using 
the  same  particles  and  techniques  (Ferin  and  Morehouse,  1980)  did 
show  a  difference  between  the  Fischer  344  and  Long-Evans  rats. 

In  order  to  better  document  interstrain  differences,  the 
pattern  of  deposition,  recruitment  of  macrophages,  and  clearance 
of  inhaled  radiolabeled  particles  was  measured  in  4  strains  of 
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rat  commonly  used  in  toxicologic  investigations:  Sprague-Dawle 
Fischer  344,  Wistar  and  Long-Evans. 


EXPERIMENTAL 


Experimental  Approach 

The  4  strains  of  rats  (33  rats/strain)  were  exposed  via 
inhalation  to  radiolabeled  microspheres.  Immediately  following 
particle  deposition,  8  rats/strain  were  sacrificed  with  50  mg/k 
pentobarbital  i.p.  and  the  radioactivity  of  their  excised  lungs 
determined  to  evaluate  any  differences  in  total  deposition.  In 
addition,  2  rats/strain  were  sacrificed  for  excised  lung  radio¬ 
activity  measurements  at  12,  24,  48,  72,  and  96  hours  postdepos 
tion  to  determine  when  gastrointestinal  (GI)  radioactivity  no 
longer  interfered  with  trachea-lung  values  measured  externally 
the  thorax  (Newton  and  Pfledderer,  1985).  Serial  measurements 
thoracic  radioactivity  were  made  on  an  additional  15  rats/strai 
from  30  hours  through  40  days  postdeposition. 

A  second  study  was  conducted  similarly  except  the  particle 
were  deposited  by  intratracheal  instillation  which  avoided  the 
large  bolus  of  nonpulmonary  deposited  particles  passing  through 
the  GI  tract.  In  addition,  during  this  second  study,  4 
rats/strain  were  sacrificed  at  2,  4,  6,  10,  14,  and  17  days 
postdeposition  and  the  number  of  alveolar  macrophages  was 
determined  by  pulmonary  lavage. 


Radiolabeled  Microspheres 

Polystyrene  latex  microspheres  (PSL)  labeled  with  a  tight! 
bound  51Cr  isotope  (28-day  half  life,  0.32  MeV  gamma  energy  emi 
sion)  were  used  (Applied  Polymer  Technology,  Costa  Mesa, 
California).  In  vitro  leaching  studies  had  indicated  a  leachin 
rate  of  51Cr  from  these  particles  of  less  than  0.1%/day  (Hinric 
et  al. ,  1978) . 


Microsphere  Exposure  System 

In  the  first  study,  the  microspheres  were  deposited  by  inh, 
lation  in  an  exposure  system  that  consisted  of  an  aerosol  generi 
tor,  exposure  unit  and  containment  enclosure.  A  Lovelace-type 
compressed-air  nebulizer  (ARIES,  Davis,  California)  was  operatei 
at  40  psig  to  generate  the  aerosol.  The  reservoir  contained  a 
0.1%  suspension  of  3iCr  labeled  PSL  particles  with  a  total  acti' 
ity  of  about  5  raCi.  The  resultant  aerosol  was  characterized 
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using  a  seven  stage  Mercer-type  cascade  impactor  (ARIES,  Davis, 
California)  and  had  a  mass  median  aerodynamic  diameter  of  1.6  pm 
and  a  geometric  standard  deviation  of  1.4.  After  nebulization, 
the  particles  were  mixed  with  a  diluting  air  stream  with  a  total 
flow  of  17  L/m  and  heated  to  70°C  for  drying.  In  order  to  neu¬ 
tralize  the  aerosol,  the  air  stream  then  flowed  through  a  1  mCi 
85  Kr  deionizer  (TSI,  St.  Paul,  Minnesota).  The  aerosol  was  then 
introduced  into  a  small  animal,  nose  only  exposure  unit  (INTOX, 
Albuquerque,  New  Mexico).  The  total  activity  within  the  chamber 
was  approximately  250  yCi.  The  rats  were  held  in  25.4  cm  long, 
6.3  cm  diameter  plastic  tubes  with  an  adjustable  tailgate  and 
were  exposed  for  20  minutes. 

The  aerosol  was  exhausted  through  absolute  particle  filters 
which  entrapped  the  radiolabeled  particles  for  subsequent  dis¬ 
posal.  The  exposure  unit  was  held  slightly  below  ambient  pres¬ 
sure  to  preclude  loss  of  aerosol  through  the  animal  holding 
tubes. 

The  entire  exposure  unit  was  located  within  a  secondary 
containment  system  with  an  airflow  of  650  CFM  and  a  downstream 
HEPA  filter  to  entrap  any  radiolabeled  particles  which  might 
escape. 


Microsphere  Instillation 

In  che  second  study,  the  radiolabeled  microspheres  were 
deposited  by  intratracheal  instillation.  The  rats  were  anes¬ 
thetized  with  a  4%  Halothane-oxygen  mixture  for  5  minutes, 
intubated  (Nicholson  and  Kinkead,  1982)  and  0.3  mL  of  the  diluted 
microsphere  solution  instilled  to  give  the  rats  the  same  ap¬ 
proximate  thoracic  load  of  particles  as  the  rats  exposed  via 
inhalation. 


Radioactivity  Measurements 

External  thoracic  radioactivity  measurements  were  made  by 
placing  the  rat  in  a  holding  tube  within  an  annulus  shaped  Nal 
(Tl)  detector  15  cm  long  and  shielded  by  lead  to  favor  detection 
of  the  radioactivity  within  the  thoracic  cavity.  In  the  second 
study,  a  7.5  cm  long  detector  was  used  to  further  reduce  measure¬ 
ment  of  emissions  emanating  from  the  lower  GI  tract.  A  multi¬ 
channel  analyzer  (Model  #30,  Canberra,  Meriden,  Connecticut)  in¬ 
tegrated  counts  in  the  energy  region  of  interest.  All  thoracic 
radioactivity  measurements  were  made  to  obtain  a  minimum  of  1000 
counts.  The  holding  tubes  for  the  radioactivity  measurements 


were  25.4  cm  long  and  6.3  cm  in  diameter  with  an  adjustable  tail¬ 
gate.  The  front  end  of  the  tube  had  a  1.3  cm  diameter  concentric 
hole  into  which  the  rats  would  voluntarily  hold  their  noses. 

This  standarized  the  position  of  the  rat  within  the  tube  for  the 
serial  radioactivity  measurements. 


Lung  Lavage 

The  rats  were  anesthetized  with  50  mg/kg  pentobarbital, 
intubated  and  then  exsanguinated  by  cutting  the  abdominal  aorta. 
The  lungs  were  flushed  in  situ  with  6  washes  (23  mL/kg)  of  0.9% 
saline.  Each  wash  was  injected  by  syringe,  held  for  1  minute 
with  gentle  external  massage  and  then  withdrawn.  The  washes  were 
combined  and  spun  down  using  a  refrigerated  centrifuge.  The  cell 
pellet  was  resuspended  in  1  mL  0.9%  saline  and  total  white  cell 
and  differential  count  determinations  made  using  a  Papanicolaou's 
stain. 


Experimental  Animals 

Sixty-day  old  male  rats:  Sprague-Dawley  (250-313  g),  Wistar 
(247-315  g),  Long-Evans  (252-326  g),  and  Fischer  344  (161-199  g) 
were  used.  Cultures  from  rats  sacrificed  for  quality  control 
determinations  were  free  of  Mycoplasma  pulmonis.  The  animals  had 
food  and  water  ad  libitum  except  during  the  aerosol  exposure  and 
radioactivity  measurement  periods.  Food  was  Purina  Formula 
#5008 ,  and  the  water  was  softened  and  did  not  exceed  17  ppm  hard¬ 
ness  measured  as  calcium  carbonate.  For  12  days  prior  to  the 
study,  the  animals  were  caged  in  a  single  layer  in  wire  bottomed 
Rochester  chambers  in  order  to  provide  as  dust-free  a  preexposure 
environment  as  possible.  After  the  aerosol  exposures,  the  ani¬ 
mals  were  housed  in  wire  bottomed  cages  in  a  laminar  flow  room. 


Statistical  Analysis 

A  2-component  exponential  curve  was  fitted  to  the  external 
thoracic  radioactivity  data  for  each  rat  using  nonlinear  regres¬ 
sion  analysis.  All  data  were  corrected  for  the  physical  decay  of 
the  51Cr.  Comparison  among  the  strains  of  the  intercept  for  each 
component  was  made  by  a  1-way  analysis  of  variance  followed  by 
Tukey's  multiple  comparison  procedure.  The  Kruskal-Wallis  method 
of  analysis  of  variance  followed  by  Dunn's  nonparametric  method 
of  multiple  comparisons  were  used  for  comparison  of  the  half  life 
data.  An  F-ratio  or  chi-square  value  with  p  <  0.05  was  defined 
as  statistically  significant. 
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RESULTS 

Figure  13  shows  the  alveolar  clearance  curves  for  the  4  ra 
strains  in  the  inhalation  study.  The  figure  includes  zero-hour 
excised  lung  data  combined  with  external  thoracic  counts  begin¬ 
ning  at  96  hours  postexposure  when  the  external  thoracic  radio¬ 
activity  data  accurately  reflected  excised  trachea-lung  radio¬ 
activity.  Because  of  the  absorbtion  of  the  gamma  rays  by  the 
rat's  body  tissue  surrounding  the  lungs,  the  external  thoracic 
radioactivity  measurements  of  the  instilled  particles  were 
91.1  +  1  (SE)  %  of  the  excised  lung  values.  Therefore,  in 
Figure  13,  excised  lung  data  are  adjusted  by  the  above  factor  f 
inclusion  with  the  external  thoracic  measurements.  All  measure 
ments  were  corrected  for  decay  of  the  51Cr. 


HOURS  POST  DEPOSITION 

Figure  13.  Clearance  of  51Cr  labeled  polystyrene  latex  micro- 
spheres  (1.6  pm)  deposited  by  inhalation  from  the 
lungs  of  4  strains  of  male  rats. 
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Figure  13  shows  a  2-component  alveolar  clearance  curve  for  3 
of  the  4  strains  ( Sprague-Dawley ,  Long-Evans  and  Wistar)  with  a 
break  point  between  the  two  components  at  about  8  days  post¬ 
deposition.  The  Fischer  344  rats  data  did  not  show  this  first 
component  statistically.  The  first  three  points  did  show  a  trend 
toward  an  early  component  but  the  data  were  insufficient  for  the 
nonlinear  regression  program  to  estimate  this  early  component  on 
an  individual  rat  basis.  Table  79  presents  the  calculated  inter¬ 
cepts  and  half  lives  for  the  two  components  and  shows  significant 
differences  among  the  strains.  These  differences  occurred  both 
in  the  intercepts  or  the  amount  being  cleared  in  each  component 
and  in  the  half  lives  or  rates  of  clearance  in  each  component. 
There  was  no  significant  difference  among  the  strains  in  the 
total  amount  of  particles  deposited. 


TABLE  79.  KINETIC  CONSTANTS  OF  PULMONARY  CLEARANCE  OF 
RADIOLABELED  MICROSPHERES  DEPOSITED  BY  INHALATION 


Rat  Strain 

Alveolar  Comoonent  #1 

Alveolar  Component 

#  2 

N 

Half  Li fea 

Intercept15 

Half  Lif ea 

Intercept15 

Fischer  344 

N/A 

N/A 

35.9  ±  0.7* 

3628  ± 

193* 

16 

Long-Evans 

3.4  ±  0.6+ 

916  ±  147+ 

37.4  ±  2.9*+ 

2976  ± 

255* 

15 

Sprague-Dawley 

1.4  ±  0.2+ 

2027  ±  379* 

39.9  ±  2.3*+ 

3116  ± 

275* 

12 

Wistar 

3.9  ±  1.0+ 

966  ±  366+ 

59.1  ±  9.2+ 

3254  ± 

285* 

9 

a  Values  (days)  with  different  symbols  (  +  or  *)  are  significantly 
different  by  Dunn's  nonparametric  multiple  comparison  method. 
b  Values  (counts/minute)  with  different  symbols  (  +  or  *)  are 
significantly  different  by  Duncan's  multiple  comparison  method. 


Previous  results  using  a  7.5  cm  detector  (Newton  and 
Pfledderer,  1985)  showed  that  external  thoracic  radioactivity 
measurements  accurately  reflected  excised  trachea-lung  measure¬ 
ments  30  hours  postdeposition.  The  data  reported  here  using  a 
new  15  cm  detector  did  not  accurately  reflect  excised  trachea- 
lung  measurements  until  96  hours  postdeposition.  Therefore,  the 
instillation  study  was  conducted  using  the  original,  smaller 
detector.  Figure  14  shows  the  retention  of  lung  radioactivity 
after  the  instillation.  With  the  data  now  starting  at  18  hours 
postdeposition  instead  of  96  hours,  all  four  rat  strains  showed  a 
two  component  alveolar  retention  curve  over  this  time  period. 
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HOURS  POST  DEPOSITION 

Figure  11.  Clearance  of  51Cr  labeled  polystyrene  latex  micro- 
spheres  (1.6  yra)  deposited  by  intratracheal  instil¬ 
lation  from  the  lungs  of  4  strains  of  male  rats. 


Table  80  presents  the  calculated  intercepts  and  half  lives  for 
the  two  components  and  again  significant  differences  among  the 
strains  are  seen. 

Figure  15  shows  the  recruitment  of  macrophages  into  the 
alveolar  space  which  was  induced  by  the  instillation  of  the  par¬ 
ticles.  Analysis  of  variance  showed  a  significant  rat  strain 
effect  in  the  number  of  particles  recruited  at  4  days  post¬ 
instillation. 


TABLE  80.  KINETIC  CONSTANTS  OF  PULMONARY  CLEARANCE  OF 
RADIOLABELED  MICROSPHERES  DEPOSITED  BY 
INTRATRACHEAL  INSTILLATION 


Rat  Strain 

Alveolar  Component  #1 

A1 

veolar  Component 

ff 2 

N 

Half  Lifea 

Intercept*5 

Half 

Lif  ea 

Intercept*5 

Fischer  344 

3.9  ±  0.6* 

2731  ±  254* 

53.4 

± 

10.5* 

6370  ± 

316* 

11 

Long-Evans 

2.1  ±  0.2+ 

3187  ±  220+ 

35.0 

± 

3.4* 

5936  ± 

230* 

13 

Sprague-Dawley 

2.9  ±  0.6* 

2580  ±  158* 

49.9 

± 

6.2*  + 

5617  ± 

262*  + 

12 

Wistar 

2.7  ±  0,4+ 

3667  +  773+ 

53.3 

± 

17.3+ 

4881  ± 

366  + 

9 

a  Values(days)  with  different  symbols  (  +  or  *)  are  significantly 
different  by  Dunn's  nonparametric  multiple  comparison  method. 
b  Values(counts/minute)  with  different  symbols  (+  or  *)  are 

significantly  different  by  Duncan's  multiple  comparii  on  method. 


Figure  15.  Recruitment  in  4  rat  strains  of  pulmonary  macro¬ 
phages  induced  by  intratracheal  instillation  of  51Cr 
labeled  raicrospheres. 
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DISCUSSION 


The  rate  of  clearance  of  particles  deposited  within  the 
lungs  is  intimately  related  to  their  site  of  deposition.  Any 
alteration  in  the  pattern  of  particle  deposition  can  affect  the 
subsequent  clearance  of  these  particles  from  the  lungs.  There¬ 
fore,  it  is  essential  to  evaluate  deposition  in  conjunction  with 
any  evaluation  of  clearance.  Because  the  4  strains  were  exposed 
in  the  same  manner  to  the  same  particles,  the  only  differences  in 
deposition  expected  would  be  due  to  differences  in  ventilatory 
patterns  or  lung  anatomy.  The  Fischer  344  rat  was  significantly 
smaller  than  the  other  3  strains  and  therefore  would  be  expected 
to  have  a  slightly  increased  relative  deposition  (McMahon  et  al.  , 
1977) . 

Conventionally,  clearance  of  particles  from  the  lungs  during 
the  first  24  hours  postdeposition  represents  clearance  of  parti¬ 
cles  deposited  on  the  tracheobronchial  (T-B)  tree,  and  clearance 
after  24  hours  represents  clearance  of  particles  deposited  in 
alveolar  regions  (Morrow  et  al. ,  1966).  Therefore,  the  2 
components  shown  in  Figures  13  and  14  and  their  corresponding 
half  lives  result  from  alveolar  clearance.  Ferin  (1982)  proposed 
that  the  first  alveolar  clearance  component  is  mediated  by  macro¬ 
phages.  However,  in  this  study  alveolar  clearance  was  inversely 
correlated  with  the  maximum  number  of  macrophages  recruited. 

That  is,  the  strain  which  cleared  the  most  particles  during  these 
early  clearance  phases  and  therefore  had  the  lowest  alveolar 
phase  2  intercept,  had  fewer  macrophages  recruited. 

The  results  of  the  present  study  do  show  statistical  differ¬ 
ences  in  clearance  of  these  particles  among  the  rat  strains  and 
quantitative  differences  from  previous  reports.  However,  compar¬ 
ison  of  the  results  with  those  in  the  literature  (Lee  et  al., 

1983;  Chan  et  al. ,  1981;  Ferin  and  Morehouse,  1980;  Ferin,  1982; 
Bianco  et  al. ,  1980;  Oberdoester  et  al.  ,  1979;  Snipes  et  al.  , 
1983)  indicates  that  the  magnitude  of  the  effect  is  similar  to 
the  intertest  variabilty  and  is  seen  substantially  during  the 
first  24  hours  postdeposition. 


TECHNICIAN  TRAINING  PROGRAMS 

Animal  Technicians 

All  UCI  animal  technicians  are  currently  certified  by  the 
American  Association  of  Laboratory  Animal  Science  (AALAS).  One 
additional  staff  member  passed  the  certification  examination  for 
Laboratory  Animal  Technologists  and  the  current  status  of  the 
animal  technicians  regarding  certification  is  as  follows: 
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7  -  Laboratory  Animal  Technologist 
3  -  Laboratory  Animal  Technician 
1  -  Assistant  Animal  Technician 

Most  of  the  animal  technician  group  are  members  of  the  local 
AALAS  organization  and  attend  various  seminars  and  demonstrations 
dealing  with  animal  husbandry. 

The  animal  technicians  successfully  completed  an  AALAS  spon¬ 
sored  correspondence  course  which  was  directed  towards  helping 
competent  laboratory  animal  technicians  become  certified  AALAS 
technologists.  Every  2  months  for  a  year  a  detailed  study 
outline  with  study  materials  was  received.  After  following  the 
recommended  study  program,  each  technician  completed  an  exam 
covering  the  material  in  that  section.  The  study  outlines  and 
exams  were  not  only  graded,  but  written  comments  and  corrections 
were  developed  for  each  technician.  Six  study  packets  were  pre¬ 
sented  over  a  1-year  period. 

Chamber  Technicians 

During  the  past  year  the  Thomas  Domes  SOP's  were  reviewed 
and  minor  updates  were  made  as  necessary. 

The  monthly  emergency  training  procedures  program  has  been 
revised.  Training  procedures  are  conducted  by  the  Senior  Techni¬ 
cian  on  each  shift.  Periodic  written  examinations  are  given  by 
the  Principal  Technician  to  all  Chamber  Technicians.  Revisions 
of  any  procedure  and/or  retraining  is  made  by  the  Principal  Tech¬ 
nician  as  the  need  arises.  Listed  below  is  the  schedule  for  the 
training  procedures  and  examinations  given  during  the  past  year. 


Date 

Procedure 

January 

Care  and  operation  of  respirators 

a 

February 

Vacuum  pump  failure 

April 

Air  supply  fan  failure 

a 

Way 

Complete  power  failure 

June 

Building  429  alarm 

July 

Rescue  of  an  incapacitated  dome  entrant 

August 

Fire  in  exposure  laboratory  area 

a 

September 

GLP  procedures  and  toxicology  SOP's 

a 

October 

Vacuum  pump  failure 

a 

November 

Air  compressor  failure 

a 

December 

Complete  power  failure 

a  Written  examinations 
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A  training  program  prepared  by  the  American  Institute  of 
Biological  Sciences  concerning  various  types  of  bleeding  proce¬ 
dures  of  rodents  and  rabbits  was  presented  to  all  chamber  techn- 
icans  and  animal  technicians  as  well  as  interested  Air  Force  and 
Navy  personnel.  This  was  a  slide/cassette  and  study  guide 
series.  The  most  important  aspect  of  this  training  program  was 
the  inclusion  of  practical  demonstrations  of  bleeding  techniques 
by  professional  veterinarians  and  experienced  technicians.  Per¬ 
sonnel  attending  the  training  program  were  also  allowed  to  carry 
out  the  techniques  discussed  during  the  demonstration  session. 

The  chamber  technician  group  presently  has  eight  individuals 
certified  in  the  AALAS  program.  The  levels  of  AALAS  certifica¬ 
tion  are  shown  below: 

Laboratory  Animal  Technologists  -  2 
Laboratory  Animal  Technicians  -  4 
Assistant  Laboratory  Animal  Technicians  -  2 


AALAS  Certification 

Continuing  efforts  have  been  made  to  increase  the  involve¬ 
ment  of  all  technicians  in  the  certification  program  sponsored  by 
the  American  Association  of  Laboratory  Animal  Science  (AALAS). 

An  examination  of  the  requirements  for  AALAS  Technologist  certi¬ 
fication  revealed  several  UCI  and  Air  Force  personnel  eligible. 

A  training  course  is  being  presented  to  personnel  considering 
applying  for  the  AALAS  technologist  exam,  which  will  be  given  in 
September  1985.  Classes  began  in  early  May  1985  and  will  con¬ 
tinue  on  a  weekly  basis  until  September  1985.  Several  personnel 
within  the  laboratory  already  certified  as  AALAS  technologists 
will  serve  as  instructors  for  this  training  course. 

The  training  materials  used  for  the  course  are  as  follows: 

A.  Syllabus  for  the  Laboratory  Animal  Technologist. 

B.  AALAS  Technologist  Review  Course. 

C.  AALAS  Technologist  Correspondence  Course. 

D.  AAALAC  slides  (American  Association  for  Accreditation 
of  Laboratory  Animal  Care) 
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